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INTRODUCTION

The references and abstracts contained in this bibliography have been obtained from
two computer-search services available to LMSC through its Technical Information
Center facility. Thbse references with accession numbers sta_rting with VA, " YN, "

or "X" were obtained from the NASA/RECON (Acronym for REmote CONsole)
information retrieval service. Those with accession numbers starting with YAD-"
were obtained from the Defense Documentation Center (DDC) retrieval service. The
overall scope for both searches was for references pertinenf to the subject of emit-
tance of high temperature materials. Additional qualifying modifiers included reentry
vehicles, heat shields, radiant heat transfer in hypersonic ﬂdws, measurement
methods, and reentry simulation.

The NASA literature search number was 12990, titled "Emittance of High Temperature
Materials," dated 3 September 1970. This search contained a total of 492 references
of which approximately 100 appeared to be pertinent to the particular materials and
problems of concern to this study and are listed herein. These references with
accession numbers starting with "A" cite published literature references which have
been announced in the International Aerospace Abstracts, (IA_A) dating back to 1962.
After the accession number, the format is as follows: issue and page number of

JAA, category, meeting paper or report numbers, contract numbers, date of document,
document classification, title, notation of content, authors, name of publication, place
of publication, name of publisher, date, collation, language (if not in English), and

the subject index terms.

These references with accession numbers starting with ""N"' cite report literature

references which have been announced in the Scientific and Technical Aerospace

Reports, (STAR) or which have not been announced elsewhere. After the accession
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number the format is as follows: issue and page number of STAR, category, report
numbers, contract numbers, date of report, report classification, title, notation of
content, authors, a corporate source identifying code numbér, corporate source,

the corporate source sﬁpplemental, date of the report, collation, availability, price,

and subject index terms.

Those references with accession numbers starting with "X" cite report literature
references which have distribution limitations, e.g., for NASA‘ Only or U. S.
Government Agency Only. The format for these references is the same asg for "NV
numbered references above.

The DDC references to Department of Defense reports were dbtained from two searchs
numbered 045518 and B45506, both titled "Emittance of High Temperature Materials, "
and dated 21 August 1970 and 27 August 1970, respectively. These searchs contained
a total of 867 references of which approximately 65 appeared to be to pertinent reports
which were not listed in the NASA search report. The format for these "AD-"
numbered references is similar to that for the NASA report literature references, but
in addition usually includes a short abstract paragraph at the end.

The references listed herein have been grouped into eight subject categories to give
an approximate indication of the principal content of the repcit which is of interest to
this study. These categories are as follows:

(1) Concerning high temperature emittance characteristics of refractory and
other high temperature metals and alloys .

(2) Concerning high temperature emittance characteristics of ceramics and
high temperature coating materials .

(3) Concerning the high temperature emittance characteristics of carbon,
graphites, ablative materials and chars o

(4) Concerning the emittance and absorptance of high' temperature gases
encountered during atmospheric reentrys

(5) Concerning measurement methods for high temperature and material
emittance determinations
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(6) Concerning radiative heat transfer to and from vehicles in high-velocity,
reentry—?type environments

(1) Concerning reentry simulation techniques and facilities

(8) Concerning the design and performance of high temperature heat shields
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GROUP 1

Concerning high temperature emittance characteristics of
refractory and other high temperature metals and alloys.
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~JC noPORT BIBLIOGRAPHY SEARCH CONTROL NOe B45506

Ab=cBE 9260 1176 20/4 173 .
MCUUNNELL DOUGLAS ASTRONAUTICS ¢O ST LOUIS MO EASTERN
DIV
TANTALUM SYSTEMS EVALUATION, {v)

JESCRIPTIVE NOTES: INTERIM TECHNICAL REPTO NOe 32, | FEB~
1 MAY 69, .

AAY 69 42pP JACKSON s ROBERT Eo 1

CUNTRACT: AF 33(6151=3938

UNCLASSIFIED REPORT e
CISTRIBUTION{ CONTROLLED: ALk REQUESTs ToO
5iRECTORy AJR FORCE FLIGHT DYWAMICS LaBe)
:TTai FOTSe WRIGHT=PATTERSON aFp,y OHIO
40433

BSIKRIPTORS: (oTANTALUM ALLOYS, LEADING EDGE),
(e EADING EDGE, EMISSIVITY), N1OglUM ALLOYS,
XEFRACTORY COATINGSy TUNGSTENs TUNGSTEN COMPOUNDS,
SILICIDES, AERODYNAMIC HEATING, REENTRY VEHICLES,
ATHUSPHERE ENTRY, STAGNATION POINT, COATINGS,
wl.nSS, SLURRY COATING, THERMAL EXPANSION, INERT
éAS WELDINGy TUNGSTEN)» ELECTRON wEAM WELDING,
LoKEL ALLOYS, COBALT ALLOYS,
-GADING(MECHANICS). STRUCTURAL PROPERT;;S,
rLAT PLATE NODELS. CREEP. BENDING : : {v)

uDC REPORT BIBLIOGRAPHY  SEARCH CONTROL NU. BY4E506

ALw=ui2 801 1176 20/6 20713
AIR FORCE MATER]ALS LAB WRIGHT~PATTERSON AF8 OHIO
EFFECT OF SURFACE ROUGHNESS ON THE REFLECTANCE OF

REFRACTORY METALS (U1l
JeSCRIPTIVE NOTE: TECHN]CAL REPTe | MAY 65~] MAY 66,
DEC 66 78P STEV]SON,DONALD Fe }

REPTe NQe AFML'TR‘bé.ZBZ
PROJ:s AF=738]
TAsk: 738102

UNCLASSXF]ED REPORT
DISTRIBUTION; NO FOREIGN WITHOUT APPRQVAL OF AlR
FORCE MATERIALS LABes ATTNI MAAE. WRIGHT-
PATTERSON AFB, OHIO 45433+

DLSCRIPTORS: (*REFRACTORY METALS, SURFACE

KCUGHNESS)s» MEASUREMENT, OPT[CAL PROPERTIES,

THERMAL PROPERTIES, NIOBIUM ALLOYS, TANTALUM,

TUNGSTEN, EMISSIVITY, REFLECTIVITY)» HEAT

TRANSFERs THERMAL RADIATJON, DESIGN, SyYRFACE
TEMPERATURES, TEST METHOUSs REFLECTION 111
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VDC REPORT BIBLIOGKRAPHY SEARCH CONTROL NO. B45504

AU=705 344 1176 14/2
NATIONAL BUREAU OF STANDARDS WASHINGTON D € PHYSICAL -
CREMISTRY DIV :
HIGH=SPEED {(SUBSECOND) MEASUREMENT OF HEAT
CAPACITY, ELECTRICAL RESISTIVITY, AND THERMAL
RADIATION PRQPERTIES OF MOLYBDENUM N THE RANGE
1900 TO 2800 K, o

OCT 69 3oP CEZAJRLIYAN)As [MORSE M,
Se iBERMAN,H, Ao {BECKETTsCo Wo §
PrRoJV: AF=9750
TASK: 975001
MONITOR: AFOSR 70=}111TR

(V)

UNCLASS|FIED REPORT '
AVAILABILITY; PuBe IN JUNLe OF RESEARCH OF THE
NATIONAL BUREAU OF STANDARDS=As PHYSICS AND
CREMISTRY, V74A NI P65=92 JAN/FEB 70 '

VESCRIPTORS: (eMOLYBDENUM, PHYSICAL PRQPERTIES),
RESISTANCE(ELECTRICAL)y THERMAL RADIATION,
SPECIFIC HEAT, PYROMETERS, THERMODYNAM]CS (V)

A TECHNIQUE 1S DESCRIBED FOR THE HIGH-SPEED
MEASUREMENT OF HEAT CAPACITY, ELECTRICAL RESISTIVITY,
HEMISPHERICAL TOTAL AND NORMAL SPECTRAL EMITTANCES oOF
ELECTRICAL CONDUCTORS AT HIGH TEMPERATURES (ABOVE
1900 K) WITH MILLISECOND RESOLVUTIONe DURATION OF

AN INDIVIDUAL EXPERIMENT, IN WHJCH THg SPECIMEN 1S
HEATED FROM ROOM TEMPERATURE TO CLOSE TO ITS MELTING
POINT, 1S LESS THAN ONE SECONDe TEMPERATURE
MEASUREMENTS ARE MADE W]TH A HIGH=SPEED PHOTOELECTR]C
PYROMETERes QUANTITIES ARE RECORDED BY A HIGH=SPEED
DIGITAL DATA ACQUISITION SYSTEM WHICH HAS A
RESOLUTION OF APPROXIMATELY ONE PART IN 8000« TIME
RESOLUTION OF THE ENTJRE SYSTEM IS Oesy4 MSe RESULTS

ON THE ABOVE PROPERTIES OF MOLYBDENUM [N THE
TEMPERATURE RANGE 1900 TO 2800 K ARE REPORTED AND

ARE COMPARED WITH THOSE [N THE LITERATURES

(AUTHOR) - {V)
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ODOC REPORT BIBLICGRAPHY ~ SEARCH CONTROL NOo B45506

AUm696 357 1176
CINCINNATI UN]V OHIO MATERIALS SCIENCE PROGRAM
TrnE THERMAL CONDUCTIVITY AND TOTAL EMITTANCE OF
TUNGSTEN AT 1800 TO 2800Ks : (V)

VeSCRIPTIVE NOTE: TECHNICAL REPTs | SEp 67=30 JUN 68,

0CT 49 52P JUN,Ce Ky TEBRAHIM)SALMAN

1HOCH ;Mo .

CUNTRAGCT: F336]5=67=C=1445

PROJs AF=7367

TASKY 736704

MUNITORS AFML TR®=69=275

UNCLASSIFIED REPORT

VESCRIPTORS: (eHIGH~TEMPERATURE RESEARCH,
TUNGSTEN); (®TUNGSTEN, PHYSICAL PROPERTIES]),
THERMAL CONDUCTIVITY, EMISSIVITY, CASTINGS,
POwWwDER METALLURGY, CONDUCTION(HEAT TRANSFER),
TRANSPORT PROPERTIES. ODETERMINATION, TEgST
eJVIPMENT,y ERRORS, SPECIAL‘
FUNCTIONS(MATHEMATICAL), STANDARDS

IUENTIFJERS: EMITTANCE

- ow
Cc C
-~

TRE THERMAL CONDUCTIVITIES AND TOTAL EMITTANCES OF
S1X TUNGSTEN SAMPLES PREPARED BY DIFFERENT
MANUFACTURERS USING EJTHER ARC=CAST METHODS OR POWDEB
METALLURGY TECHNJQUES WERE MEASYRED IN THE
TEMPERATURE RANGE 2000 =~ 2800Ke THE THERMAL
CONDUCTIVITY OF COMMERCJALLY PREPARED ARC=CAST
SAMPLES IS SLIGHTLY HIGHER THAN THE THERMAL
CONDUCTIVITY OF COMMERC]ALLY PREPARED POWOER
METALLURGY SAMPLESe IN 80TH CASES THE THERMAL
CUNDUCTIVITY 1S INDEPENDENT OF TEMPERATURE, THE
TOTAL EMITTANCE AT 2500K FOR THE POWDER METALLURGY
SAMPLES 1S 0425 AND 0¢29 FOR THE ARC=CAST SAMPLES.
THE SPECIALLY PREPARED MATERIALS HAVE THERMAL
CONDUGCTIVITIES AND EMITTANCES WHICH ARE DIFFERENT
FROM THE CONDUCTIVITY AND EMITTANCE OF COMMERCJALLY
AVAILABLE MATERJALSs (AUTHOR) (V)
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOs 045518

AD=477 224 1176
CINCINNATI UNIV OHIO
THERMAL CONDUCTIVITY OF TANTALUM, TUNGSTEN AND
TANTALUM=TUNGSTEN ALLOYS. ' o
DESCRIPTIVE NOTE: TECHNICAL REPT, SEP 64=MAR 65,
MAY 65 27°P JUN ¢Co Ko IHOCHMe |
CONTRACT: AF33(615)~1759 S
PrOJy: AF=7367
TASK: AF=736704
MONITOR: AFML TR=65=19]

UNCLASSIFJED REPORT ‘
DISTHIBUTION: NO FOREIGN WITHOUT APPROVAL OF
RESEARCH AND TECHNOLOGY DJVe (AFSC)y WRIGHT=
PATTERSON AFB, OHIOes 456433« ATTN: AFMLe

DeSCRIPTORS; (sREFRACTORY METALS, THERMAL
PROPERTIES) ) (eREFRACTORY METAL ALLOYS, THERMAL
PROPERTIES)y TANTALUM), TANTALUM ALLOYS, ,
TUNGSTENs TUNGSTEN ALLOYS, THERMAL CONDUCTIVITY,
SPECIFIC HEAT, EMISSIVITY, TABLES,y EXPERIMENTAL
DATA

JIVENTIFIERSS TANTALUM ALLOY 30w

THE THERMAL CONDUCTIVITY K, AND THE RATIO OF
SPECIFIC HEAT To TOTAL EMITTANCE CP/EPSILONy OF
TANTALUM, TUNGSTENs AND TA=30W ALLOY WERE
MEASURED IN THE TEMPERATURE RANGE 1500=2200 K, *
THE AVAILABLE DATA ON THE SPECIFIC HEAT OF
TANTALUM, TUNGSTEN) AND THE TA=30W ALLOY, WHICH
ARE NEEDED TO CONVERT DJFFUSIVITY MEASUREMENT TO
CONDUCTIVITY VALUESy) ARE ALSO GIVENe (AUTHOR)
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VDC REPORT 3[BLIOGRAPHY SEARCH CONTROL NOe B45506

AU=s0}) 315
CiINCINNATI UNIV OHIO
THERMAL CONDUCTIVITY AND TOTAL aMlssleTY
MEASUREMENTS |N THE TEMPERATURE RANGE 1000~3000 "
Ce

JESCRIPTIVE NOTE: REPTe FOR DEC 62-FEB 64,

APR 64 9P HOCH MICHAEL ‘

CUNTRACT: AF33 636 7123

PrOovs 7367

TASK: 736704

MUNITOR: ML TOR64 59

UNCLASS]FIED REPORT
SUPPLEMENTARY NOTE:

DLSCRIPTORS: (®GRAPHITE, THERMAL PROPERTIES),
(¢REFRACTORY METALS) THERMAL PROPERTIES), TANTALUM,
TUNGSTEN, MOLYBDENUM, NJOBIUM, THERMODYNAMICS, SPECIFIC
nEATy EMISSIVITY, THERMAL CONOUCTIVITY, MEASUREMENT (V)

THE RATIO OF THERMAL CONDUCTIVITIES AND OF THERMAL
CONDUCTIVITIES TO TOTAL EMISSIVITIES WERE MEASURED
FOR ANISOTROPIC ZT~TYPE GRAPHITE IN THE TEMPERATURE
RANGE 1000=2Q00 Co THE EMISSIVITY OF A SAMPLE

CHANGES EVEN [F 1T IS STORED AT ROOM TEMPERATURE FOR
A LONG TIMEe TO OBTAIN THE TOTAL EMISS]VITY OF A
MATER]AL, THE RATIO OF SPECJFIC HEAT 70 TOTAL
EMISSIVITY 1S DETERMINED FOR TANTALUM, TUNGSTEN,
MOLYSDENUM, AND NIOBIUM IN THE TEMPERATURE RANGE
1000=2000 Ceo IN ALL CASES) IT Is FOUND THAT

"SPECIFIC HEAT/TOTAL EMISSIVITY S A CONSTANT,
INDEPENDENT QF TEMPERATURE. THIS PERMJTS AN EASY

AND ACCURATE DETERMINAT]ON or THE TOTAL EMISSIVITY OF
ANY MATERIAL, (AUTHOR) (V)
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DOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe 048519

AD=414 |94
CINCINNATI UNIV OHIO -
RELATION BETWEEN SPECIFJC HEAT AND EMISSIVITY oOF
TANTALUM AT ELEVATEU TEMPERATURES {u)
DeSCRIPTIVE NOTE: FINAL REPTey JULY 61=DEC 62,
. W ,
CONTRACT: AF 33(616)=7123
PROJ: AF=7367
TASK S 736704
MUNITOR: ASD TOR=63=371

UNCLASSIFIED KEPORT

DeSCRIPTORS: (®REFRACTORY METALS AND ALLOYS,

TANTALUM)y (eTANTALUM, EMISSIVITY), SPECIFIC

HEAT, MEASUREMENT, HIGH TEMPERATURE RESEARCH),
EXPERIMENTAL 0OATA, TABLES _ (V)
IVENTIFIERS: 1963 (V)

THE RATE OF COOLING IN vACUUM OF TANTALUM CYL

INDERS OF VARIOUS SIZES HAS BEEN STUDJED IN THE
TEMPERATURE RANGE 1850 TO 1300 ke THE RATIO OF
SPECIFIC HEAT,y ¢ SUB Py TO TOTAL EMISSIVITY,

EPSILON, WAS FOUND TO BE CONSTANT: C suB P/EP

SILON 0226 = 0,004 CAL/GM/DEGREE Ko

{AUTHOR) {v)

10

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFYT CORPORATION

s



S

UOC REPORT 31BLIOGRAPHY  SEARGH CONTROL NOe B45506

Aums07 530 .
AMERICAN MACHINE AND FOUNDRY CO ALEXANDRIA VA ALEXANDRIA
Dlv , '
COATED REFRACTORY METAL EMITTANCE SPECIMENS. (V)
DESCRIPTIVE NOTE: REPTe FOR |} MAY 63-29 FEB 64,
AUG 64 78P LEAVENWORTH He We jJRe}
SCHATZsEe Ae }BROWNINGyMe Eo iDUNKERLEYsFe Jo

CONTRACT AF33 657 11330
Proys 7381

TASK: 738103

MONIJTOR: ML , TOR&AK 48

UNCLASSIFJED REPORT
SUPPLEMENTARY NOTES

UESCRIPTORS: (¢REFRACTORY METAL ALLOYS, COATINGS),
{oCOATINGSy REFRACTORY METAL ALLQYS))y) THERMAL RADIAT]ON,
LMISSIVITYy SURFACE PROPERTIES, STABILITY, NIOBIUM
ALLOYS, TUNGSTEN ALLOYS, ZIRCONIUM ALLOYS, CARBON
ALLOYS, TANTALUM ALLOYS, VANADIUM ALLOYS, MOLYBDENUM
ALLOYS, SILICON COATINGS, SILICIDES, CHROMIUM,
UIFFUSION, ALUMINUM) BORONs SPECTROGRAPHY, CHEMICAL
ANALYSIS, OXIDATION) REFRACTORY COATINGS» REFLECTION,
PHOTOMICROGRAPHY, REENTRY VEHICLES» THERMAL PROPERTIE(V)
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D0C REPORT BIBLIOGRAPHY SEARCH CONTROL NOs B45504

AD-466 356
GENERAL ELECTRIC CO PHILADELPHIA PA MISSILE AND SPACE
oIV
‘TOTAL HEMISPHERICAL EMITTANGE OF OXIDJZED HEAT
RESISTANT ALLOYS, (vl

AUG 44 30P DESANTIS, Ve Jo |

REPTe NOe R645D60

UNCLASSIFIED REPORT
DUC USERS
SUPPLEMENTARY NOTE:

DESCRIPTORS: (#HEAT=RESISTANT METALS * ALLOYS,
EMISSIVITY)s (®COATINGS, HEAT=RESJSTANT METALS «
ALLOYS)y STAINLESS STEEL, NICKEL ALLOYSy CHROMIUM
ALLOYS, MOLYBOENUM ALLOYS, COBALT ALLOYS, TUNGSTEN.
ALLOYS, THERMOELECTRICITY, HEAT TRANSFER),

TENMPERATURE, VACUUMy X=RAY DJFFRACTION ANALYSIS,
JXIDESy FILMS, CHROMIUM COMPQUNDS, ADHgSION (y)

IDENTIFIERS] HASTELLOY (ALLOY), HAYNES ALLOY 25,
STAINLESS STEEL 304y STAINLESS STEEL l9~9DL,

HASTELLOY N, CHROMIUM (1]1) 0X]DE (V)

THIS REPORT GJVES A DESCRIPTION OF THE EXPERIMENTAL
WORK LEADING TO THE OEVELOPMENT OF A PROCESS 70
PRODUCE STABLE HIGH EMISSIVITY COATINGS ON SELECTED
STAINLESS STEEL AND SUPER ALLOY BASE METALSe THE
THREE (3) ALLOYS STUDIED WERE TYPE 304

STAINLESS STEEL, HASTELLOY N ANp HAYNES

ALLOY 25, A GENERAL DESCRIPTION OF THE METHOD

USED IN MEASURING TOTAL HEM]SPHERICAL EMISSIVITY IS
GIVEN ALONG WITH THE DETERMINATJON OF THE STABILITY
OF EMISSIVITY AT TEMPERATURES IN EXCESS OF 800 C IN
VACUUM OF 00000005 TORR OR LESSe RESVLTS OF

TESTS DESIGNED TO DETERMINE COATING ADHERENCE AND
MECHANICAL INTEGRITY ARE GIVENe A REVIEW OF THE
‘PERTINENT LITERATURE 1S PRESENTED IN APPENDIX 1.
(AUTHOR) ‘ (V)
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00C REPORT B1BLIOGRAPHY SEARCH CONTROL NO. B45506

AD=299 417
MARQUARDT CORP VAN NUYS CALIF
EMITTANCE STUDIES OF VARIOUS H}GH TEMPERATURE
MATER|ALS AND COQATINGS (u)
MAR 63 v SKLAREW,S¢}
REPTe NOeo PR 281 3q I
CONTRACT: AF33 657 8707

UNCLASSIFIED REPORT

DESCRIPTORS: *COATINGS, eHEAT RESISTANT MATERIALS,
ALUMINUM COMPOUNDS, BLACKBODY RADIATION, CARBIDES,
COBALT COMPOUNDS, EMISSIVITY, EQUATIONS, EXPERIMENTAL
DATAy FLAME SPRAYING, GRAPHITE, HIGH=TEMPERATURE
RESEARCH, IRON COMpOUNQS, JET FLAMES, LOW~PRESSURE
RESEARCH, MANGANESE COMPOUNDS, NICKEL COMPOUNDS, OX}DES,
REFRACTORY COATINGS, SILICON COMPOUNDS, TANTALUM,
TITANIUM ALLOYS (V)

EMITTANCE STUDIES OF VARIOUS HIGH TEMPERATURE
MATERJALS AND COATINGS,

DDC KEPORT BIBLIOGRAPHY SEARCH CONTROL NO. B455D6

AU=297 685

AERQJET=-GENLRAL CORP AZUSA CALIF _
EMITTANCE OF HAYNES Cg 752 AND FANSTEEL ALLOYS tn
Ada 62 v RILLyCeDol

RePTe NOo Mwgl}9
MUNITOR: IDEP 502¢30400e25=A7=02

UNCLASSIFIED REPORT
NOFORN

DESCRIPTORSS eNIOQOBIUM ALLOYS, DETERMINATION, EMISSIVITY,

RIGH=TEMPERATURE RESEARCH, TANTALUN ALLOYS (V)

SPECTRAL AND TOTAL EMITTANCE OF HAYNES CB 752 AND FANSTEEL
82 ALLOYS AT TEMPERATURES FROM 1800 TO 3000 F,
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VOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. B45506

AD=c94 345
BATTELLE MEMORIAL INST COLUMBUS OHIQO DEFENSE METALS
INFGRIMATION CENTER
TRERMAL RADIATIVE PROPERTIES OF SELECTED
MATERIAL " (V)
NOV 62 v WOOD WeDe SDEEMsHoWo ILUCKSyCoF ol

REPTs NO, 377 vl
CONTRACT: AF33 616 7747

UNCLASS]FIED REPORT

DESCRIPTORSS *HEAT RESISTANT METALS + ALLOYS, CHROMIUM,
CHROMIUM ALLOYS, COBALT, COBALT ALLOYS, DATAy IRON, IRON
ALLOYS, METALS, MOLYBDENUM, MOLYSDENUM ALLOYS, NICKEL»
NICKEL ALLOYS, NJOpJuM, NIOBIUM ALLOYS, REFRACTORY
MATERTALS, STAINLESS STEEL, TANTALUM, TANTALUM ALLOYS,
THERMAL RADIATION, TITANIUM, TITANJUM ALLOYS, TUNGSTEN,
TUNGSTEN ALLOYS ' tv)

THERMAL RADIATIVE PROPERTIES OF SELECTED MATERIALS,
COMPILATIONs TI AND TI ALLOYSe STAINLESS STEELs FEw, Nl=,
CO-BASE SUPERALLOYS, REFRACTORY METALS AND THEIR ALLOYS.
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¥OC REPORT BIBLIOGRAPHY SEARCH CONTROL‘NQ- B45506

AD=269 784
BATTELLE MEMORIAL INST COLUMBUS OHIO DEFENSE METALS
INFORMATION CENTER
THE EWITTANCE OF CHROMIUM, COLUMBIUM, MOLYBDENUM,
TANTALUM, AND TUNGSTEN (u)
VEC 61 WV WOOD s WeDeiDEEMyHeWo I LUCKS 4 CoF ol
REPTe NOs MIH1 -

UNCLASSJFIED REPORT

DESCRIPTORSY *CHROWMJUM, wMOLYBOENUM, eNIOBIUM,
«TANTALUM, ®#THERMAL RADIATION, STUNGSTEN, ABSORPTION,
ALLOYS, BLACKBODY RADIATION, BRJGHTNESS, DATA,
EMISSIVITY, nEAT TRANSFER, METALS, MONOCHROMATIC LIGHT,
UPTICAL EQUIPMENT, RADIATION PYROMETERS, REFLECTION,
SPECTROPHOTOMETERS, TABLES, TEST EQUIPMENT. THERMIONIC
EMISSION, THERMISTORS: THERMOCOQUPLES (U)

A COMPILATION 15 PRESENTED OF ORIGINAL TEST DATA ON
EMITTANCE, REFLECTANCE, AND ADSQRPTANCE OF (R,

Nis, MU, TA,; AND W, THE DATA WERE TAKEN FROM

THE LITERATURE PUBLlSHED DURING THE PER]OD 1940~195¢%9
INCLUSIVE, AND AS MUCH OF THE 1960 LITERATURE AS
COULD B8k oaTazNaD. THE FOLLOWING SOURCES WERE
SEARCHED: CHEMICAL ABSTRACTSs CERAMIC :
ABSTRACTS, METALLURGICAL ABSTRACTS, NUCLEAR

SCIENCE ABSTRACTS, ANp THE FILES OF THE DEFENSE
METALS INFORMATION CENTER (DMIC)e AN

ATTEMPT WAS MADE TO EVALUATE THESE SOURCES .OF DATA
ACCORDING TO THE APPARENT THOROUGHNESS OF METHODS
AND TECHNIQUES AS DESCRIBED BY THE VARIOUS
INVESTIGATORSs IN MANY CASES THE DESCRIPTIONS N

THE LITERATURE ARE A SUMMARY OF METHOOS AND RESULTS,
AND A COMPLETE EVALUATION ]S IMPOSSIBLE. CURVES

ARE PRESENTED WHIcH APPEAR TO INDJCATE THE MOST
PROcASLE VALUES FOR THE VARJOUS CONDITIONS AND
MATERIALSe (AUTHOR) (V)
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOes B45506

Ao=2480 276
LiTTuE (ARTHUR D) INC CAMBRIDGE MASS
INFXARED SPECTRAL EMITTANCE PROPERTJES OF SOLID
MATERIALS : ()
9CT 60 v BLAUJHENRY He JRe$IMARSH,JOHN Bt
CONTRACTS AF19 604 2433 o
MONITQOR: AFCRL  TR=60~416

UNCLASSIFIED REPORT
NOFORN

DESCRIPTORS: #INFRARED RADIATION, *REFRACTORY MATER]ALS,
»SCLAR FURNACES, BLACKBODY RADIATION, INFRARED
SPECTROUOSCOPY, LABORATORY FURNACESy MEASUREMENT,
SPECTROGRAPHIC ANALYSIS ‘ (u)
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0DC REPORT BIBLIOGRAPHY  SEARCH CONTROL NO. 04851

AD=p97 761 1472 _

PURDUE UNIV LAFAYETTE IND THERMQPHYSICAL PROPERTIES

RESEARCH CENTER _

DETLRMINATION OF THERMAL AND ELECTRICAL

CUNDUCTIVITY, EMITTANCE AND THOMSON CQEFFICIENT AT

HIGH TEMPERATURES BY DIRECT HEATING METHOOS, (V)

DESCRIPTIVE NOTE: TECHNICAL REPTe | JUL 68-30 JUN 69,
0CT 49 71P TAYLOR,RAYMOND Eeo (DAV]S,

FREDERJCK Es IPOWELL REGINALD W, IKIMBROUGH,

WILBUR Do 1§

CONTRACTS: F336)5«49=C=1229

PROJ: AF=7381

TASK: 738}06

MONITOR: AFML TR=69=39=277

UNCLASSIFIED REPORT

DESCRIPTORS: (#H]GH=TEMPERATURE RESEARCH), THERMAL
CONDUCTIVITY), (eTHERMAL CONDUCTEIVITYy

MEASUREMENT )y RADIATION PYROMETERS, MEASURING
DEVICES(ELECTRICAL + ELECTRONIC), HEATING,

ELECTR]C CURRENTS, ELECTRICAL CONDUCTANCE,

EMISSIVITYy DATA PROCESSING SYSTEMS, SURFACE
TEMPERATURES, VOLTAGE, ACCURACY, TANTALUM,

TUNGSTEN, PYROLYTIC GRAPHITE _ (V)
IVENTIFIERSS RESISTANCE HEATINGs OPTICAL

PYROMETERSs THERMOPHYSICAL PROPERTIESs SPECTRAL
EMITTANCE, COMPUTATION, REPRQOUCIBILITY,

TEMPERATURE PROFILESy THOMSON COEFFICIENT (v)

PROGRESS ON A PROGRAM FOR EVALVATING pIRECT
ELECTRICAL HEATING METHODS FOR HIGH TEMPEKATURE
THEKMAL CUNDUCTIVITY DETERMINATJONS IS PRESENTED.
RECENT MODIFICATIONS, WHICH INCREASED THE
TEMPERATURE CAPABILITIES OF THE APPARATUS, PROTECTED
THE SAMPLES FROM CONTAMINATION AND [MpROVED THE
ACCURACY AND SIMPLICITY OF THE MEASUREMENTS) ARE
DESCRIBEDe A METHOD FOR CALCULATING THE THERMAL
CONDUCTIVITY USING ANY THREE TEMPERATURE VERSUS
POSITION DATA POINTS (3=-POINT METHOD) OF A
TEMPERATURE PROFJLE WAS DEV]SgEDs USING THIS 3=

POINT METHOD, HUNDREDS OF CONDUCTIVITY VALUES CAN BE
CALCULATED PER TEMPERATURE PROFJLEs COMPUTATIONAL
SCHEMES WHICH UTILIZE MULTIPLE OATA POINTS OR THE
QUTPUT OF THE 3~POINT PROGRAM ARE BEING DEVELOPED
SUBSTANTIAL JMPROVEMENT IN THE ACCURACY AND
REPRODUC]IBILITY OF THE COMPUTED THERMAL CONDUCTIVITY
VALUES HAS BEEN OBTAINED USING THESE SCHEMESe IN
ADDITION, VALUES FOR THE THOMSON COEFFICIENT ARE
DERIVEDe DATA ON THERMAL CONDUCTIVITY, TOTAL
HEMI{SPHERICAL EMITTANCE, SPECTRAL EMITTANCE (0.65 (V)
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00C REPORT 3I1BLIUGRAPHY SEARCH CONTROL NO« 045518

AU=434 755
BOEING CO SEATTLE WASH
EVALUATION OF CB=752 COLUMBIUM ALLOY (CB*IO PERCENT

We2e5 PERCENT ZR) 1"
MAR 63 4gP BAGGERLY ,Re Go ltORGERson.R.
Te | ;

REPTe NOo D2 35105

UNCLASSIFIED REPORT
NOFORN
SUPPLEMENTARY NOTE!

DESCRIPTORS: (oNIOBIUM ALLOYS» MECHANICAL PROPERTIES),
(eREENTRY VEHICLESy MATERIALS)y HIGH=TEMPERATURE
RESEARCHy TENSJLE PRUPERTIES, CREEP, MATERIAL FORMING,
DUCTILITY, BRITTLENESS, TRANSITION TEMPERATURE, WELDING,
PROTECTIVE TREATMENTSy OXIDATION, EMISSIVITYy SILICIDES,
MICROSTRUCTURE, RECRYSTALLIZATION, CHEMICAL ANALYSIS,
TUNGSTEN ALLOYS, ZIRCONIJUM ALLOYS - (V)

IDENTIFJERSS 1963, NIOBIUM ALLOY CB=752 (v}

AN EVALUATION OF HAYNESSTELL]TE CB=752

COLUMBIUM ALLOY (CB=10W=2+52R) HAS BEEN

CONDUCTED TO ESTABLISH |TS POTENTIAL AS A STRUCTURAL
MATER[AL FOR RE<ENTRY VEHICLESe PROPERTIES WHICH

WERE INVESTIGATED INCLUDE TENSILE PROPERTIES TO
3000F, CREEP PROPERTIES TO 3000 F, FORMABILITY,
DUCTILE BRITTLE TRANSITION TEMPERATURE, FUSION
WELDINGs PROTECTIVE COATING, OXIDATION RESJSTANCE AND
EMITTANCEs TESTING WAS CONDUCTED 0+0lg TO 04035
INe SHEET FROM THREE HEATS OF MATERIALe (AUTHOR) .
tul
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VOC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe 045518

AV=419 028
CALIFORNJA UNJV BERKELEY INST OfF ENGINEERING
RESEARCH i
THERMAL RADIATION PROPERTIES OF MATERJALS,s PART ’
111 ' 11')
DeSCRIPTIVE NOTE: FINAL REPTey
AUG 63 b8P SEBANsReAs
CONTRACTS AF33 657 7793
PROJ: 7360
TASK: 73600}
MONITORS WADD TR60 3700 PTs 2

UNCLASSIFIED REPORT

DLSCRIPTORS? (®METALSy THERMAL RADIATION),

(eALLOYSy THERMAL RADIATJON), (®THERMAL RADIA

TJON, METALS), MATERJALS, EMJSSIVITY,» PLATI

NUMy» NICKEL,) MOLYBLENUM, COPPERy» NICKEL ALLOYS,

CHNOMIUM ALLOYS, STAINLESS STEEW, TITANJUM

COMPOUNDS, DIOXIDESy OXIDATION, COATINGSs METAL
COATINGSy ABSORPTION SPECTRUMs (V)
IOENTIFIERS: 1963, (V)

THE EFFECT OF TEMPERATURE ON THE NORMAL SPECTRAL
EMITTANCE IN THE RANGE FROM 1 Tgo 15 MICRONS IS
DEMONSTRATED FOR CERTAIN POLISHED METALS AND SOME
OXxIDIZED AND COATED METALS BY A COMPARISON OF
ABSOKPTANCES MEASURED AT ROOM TEMPERATURE AND
EMITTANCES MEASURED AT TEMPERATURES OF THE ORDER OF
2000 7O 2500 Re THE EMITTANCES wERE OBTAINED N

A SYSTEM DESJGNED AND CONSTRUCTED IN THE PRE VIQUS
PHASE OF THIS RESEARCH AND THESE RESULTS ARE AFFECTED
BY THE LESS THAN OPTIMUM OPERATION OF THIS SYSTEM,
BY WHICH CONTAMINATION OF THE SAMPLE OCCURRED,
JRREGULARLY BUT CONSISTENTLYe THE RESULTS FOR

PTs NIy AND FE REVEAL AT HIGH TEMPERATURE THE
CORRESPONDENCE WITH THE HAGEN RUBENS LAW WHICH |S
IMPLIED BY AVAILABLE RESULTS ON THE TOTAL NORMAL
EMITTANCE,) THOUGH THE COR RESPONDENCE N THIS
SPECTRAL RANGE MUST BE AT TRIBUTED TO ANOMALOUS
EFFECTSe WITH OXIDES AND WITH CQATED MATERIALS

THE EFFECT OF TEMPERA TURE ON THE SPECTRAL VALUES
APPEARS TO BE SMALL AND LOCAL}JZEDs THQUGH WITH SOME
MATERIALS THESE ARE INDJCATIONS OF PERMANENT CHANGES
IN THE EMITTANCE AS THE PER]OD OF ExPosQR-E T0 H]GH
TEMPERATURE ]S INCREASEDe (AUTHOR) (V)

A
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ODC REPORT BIBLIOGRAPHY SEARCH CUNTROL NQ. Q48534

AD=298 06}
zSOUTHERN RESEARCH INST BIRMINGHAM ALA
THE THERMAL PROPERTIES OF TWENTY=SIX SOLID MATERIALS
TO 5000 DEGREES F OR THEIR DESTRUCTION

TEMPERATURES tV)
1V PEARSsC oD jOGLESBY ¢SABERTI
CONTRACTS AF33 616 7319
MONITQR:  ASD TDR62 765

UNCLASSIFIED REPORT

DESCRIPTORS: ®HEAT RESISTANT METALS « ALLOYS,
¢REFRACTORY MATERIALSy BORIDESy CARBIDES, DENSITY,
ELECTRICAL PROPERTIES, EMISSIVITY, GRAPHITE, MECHAN]CAL
PROPERTIES, MICROSTRUCTURE, MOLYSBDENUM ALLOYS, NIOgjuM
ALLOYS, NITRIDES, OXIDES, THERMAL CONDUCTIVITY, THERMAL
EXPANSION, THERMOELECTRICITY _ (V)

THERMAL PROPERTIES OF 26 SOLID MATERIALS TO 5000 F
OR THElR ozsraucrtou TEMPERATURES.

DDC REPORT BlBLIOGRAPHY SEARCH CONTROL NO. U4BB14

AD=297 865 ,
NAVAL RADIOLOGICAL DEFENSE LAB SAN FRANCISCO cALIF
TOTAL NORMAL AND TOTAL HEMISPHERICAL EMITTANCE oF

. POLISHED MEIALS = PART ]I (V)
JAN 63 1V A&BOTT.G.L.!ALVARES.N Je IPARKER,
Woede
MONJTOR: ASD TR&6L 94 P2

UNCLASSIFIED REPORT

DESCRIPTORS; *RESISTANCE (ELECTRICAL), DATAy DESIGN,
EMISSIVITY, HIGH=TEMPERATURE RESEARCH, MICROSTRUCTURE
MOLYBDENUM, PLATINUM, RADIATJION MEASUREMENT SYSTeMS
COMPONENTS (V)

TOTAL NORMAL AND TOTAL HMEMISPHERJCAL EMITTANCE OF
POLISHED MOLYBDENUH AND PLATINUM,
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0OC REPORT BIBLIUGRAPHY  SEARCH CONTROL NO. B45506

AU=436 887

NAVAL RADIOLOGICAL UEFENSE LAB SAN FRANCISCO CALIF
TOTAL NORMAL AND TOTAL HEMISPHERICAL EMITTANCE OF

POLISHNED METALSe PART 1]l (V)
DLSCRIPTIVE NOTE:S REPTe FOR 27 FEB=19 DEC 62
DEC 63 azp ABBOTT G4 Lo §

ProJys 7360
TasSKs 736Q0} .
MUNITORS: WADD TR6L 94, PTe 3

UNCLASS]FIED REPORT

SUPPLEMENTARY NOTES REPORT ON THE CHEM]STRY AND
PHYSICS OF MATERJALS

DLSCRIPTORS: (#REFRACTORY METALS, EMISSIVITY),
(6EM[SSIVITY, REFRACTORY METALS), THERMAL RADJATION,
NIGBIUM, TANTALUM, TUNGSTEN, HIGHTEMPERATURE RESEARCH»
TEMPERATURE, RESISTANCE (ELECTRICAL)y MEASUREMENT,
SURFACESy INSTRUMENTATION, THERMOCOUPLES, MOLYBDENUM,
PLATINUM ‘ (v}

lUENTIFIERSS THERMOPILE ty)

THE TOTAL HEMISPHERICAL EMITTANGE, THE TOTAL NORMAL
EMITTANCE, AND THE VARIATION OF ELECTRICAL
RESISTIVITY WITH TEMPERATURE WERE MEASURED ON AGED
SURFACES OF TANTALUMs NJOBIUM, AND TUNGSTEN IN A
VACUUM OVER A TEMPERATURE RANGE FROM 1000 K To 3000
K (SUBJECT TO THE MATER[AL), IN ADDIT]ON, THE
NORMAL SPECTRAL EMITTANCE AT Qe65 MICRON WAS
MEASURED ON TANTALUM AND NI1OBIUMe THE TOTAL
HEMISPHERICAL EMITTANCE WAS OBTAINED FROM THE
MEASURED POWER DISSIPATION WITHIN THE UNIFORM
TEMPERATURE REGION AT THE CENTER OF AN ELECTRICALLY
HEATED RIBBON} ITS TEMPERATURE BEING MEASYRED WITH a
THERMOCOUPLE OR AN OPTICAL PYROMETER WHEN THE
SPECTRAL EMITTANCE WAS KNOWNe THE TOTalL NORMAL
EMITTANCE WAS DETERMINED BY USING A RADIATJON
THERMQPILEs THE RATIO OF TOTAL HEMISPHERICAL TO
TOTAL NORMAL EMJTTANCE WAS ALSO CALCYLATED DIRECTLY
FROM THE ANGULAR DISTRIBUTION OF RADIATION OBTAINED
BY REVOLVING THE RIBBON WITHIN THE FIlglkD OF VIEW OF
THE THERMOPILEe. SOME DATA ARE ALSO [NCLUDED ON
MOLYBDENUM FROM A PREV]OUS REPORTe (AUTHOR) V)

B e — i e e o e
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ATu-220638 ISSOE 9 PAGE 1725 CATEGORY 23 00
/700700 UNCLASSLFIED DOCUMENT

Tungsten emissive properties ‘

(fungysten emissivity and radiance properties ob
tained at high surface temperatures)

A/VUJNOVIC, V. (AA/ZAGREB, SVEUCILISTE, ZAGRE
B, YUGOSLAVIA/.)

OPTICAL SOCIETY OF AMERICA, JOURNAL, VOL. 60,
P. 177-179. RESEARCH SUPPORTED BY THE YUGOSLAV FED
ERAL FUND FOR SCIENTIFIC WORK.

/ELENISSIVITY/*RADIANCE/*SURFACE TEMPERATURE/*T
UNGSTEN/ HIGH TEMPERATURE TESTS/ OPTICAL PATHS/ TE
MPERATURE EFFECTS/ WAVELENGTHS

A70-19894 ISSUE 7 PAGE 1313  CATEGORY 17 AF
33/615/-67-C-1445 69,/00/00 UNCLASSIFIED DOCUH
ENT o
Thermal conductivity and total emittance of tan
talum, tungsten, rhenium, Ta-10W, T111, T222, and
W-25ke in the temperature range 1500-2800 K
(Thermal conductivities and total emittance of
Ta, W, Re and alloys at high temperatures compared
with NBS values)
A/HOCH, K. B/JunN, C. K. {AA/CINCINNATI, U.,
CINCINNATI, OHIO/.) R
LONDON, BUTTERWORTH AND CO. /PUBLISHERS/, LT
Dee SYWUPOSIUM SUPPORTED BY THE INTERNATIONAL UNION
OF PURE AND APPLIED CHEMISTRY, THE ADVANCED RESEA
RCH PROJECTS AGENCY, THE U.S. AIR FORCE, THE 0.S5.
ATOMIC ENERGY COMMISSION, THE NATIONAL SCIENCE FOU
NDATION, AND NASA. IN~ HIGH TEMPERATURE TECHNOLO
GY, PROCEEDINGS OF THE THIRD INTERNATIONAL SYWMPOSI
uM, PACIFIC GROVE, CALIF., SEP. 17-20, 1967. P. 53
5-545. /A70-19876 07-17/ ‘
/*EMITTANCE/*REFRACTORY METAL ALLOYS/*REFRACTO
RY METALS/*TABLES (DATA)/*THERMAL CONDUCTIVITY/ CO
NFERENCES/ HIGH TEMPERATURE RESEARCH/ RHENIUM ALLO
¥YS/ TANTALUM ALLOYS/ TEUPERATURE EFFECTS/ TUNGSTEN
ALLOYS

22

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION



A69-16447# ISSUE 5 PAGE 716 CATEGORY o 68/
12700 UNCLASSIFIED DOCUMENT

Total and spectral emittance of cobalt.

(Total and spectral emittance of cobalt surface
s conditioned by evaporating some cobalt from surf
ace at high temperature in vacuo) :

A/GOEL, T. C.; B/JAIN, S. C.; C/NARAYAN, V.
(AB/INDIAN INST. OF TECH., NATIONAL PHYSICAL LAB.
OF INDIA, NEW DELHI, INDIA/, AC/INDIAN INST. OF T

ECH., NEW DELHI, INDIA/.)
/*¥COBALT/*EMITTANCE/#HIGH TEMPERATURE RESEARCH
/*SPECTRAL EMISSION/ BLACK BODY RADIATION/ EVAPORA
TION/ HOT SURFACES/ METAL SURFACES/ RADIATIVE HEAT
TRANSFER/ SURFACE FINISHING/ SURFACE ROUGHNESS EF
FECTS

A69-15894 ISSUE 5 PAGE 845 CATEGORY 33 68/
06/090 UNCLASSIFIED DOCUMENT '
Experimental study of the eifect of the similar
ity factor on the radiating power /emissivity/ of
metals.
(Emissivity of rough metallic surfaces with pre
served profile similarity, shovwing independence to
roughness height)
A/GORDON, A. R.; B/KOVALEV, I. I.; C/MELNIKOV
A, I. A.; D/TARTAKOVSKAIA, F. M. j
HIGH TEMPERATURE, VOL. 6, P. 419-423, 10 REFS.
/TEPLOFIZIKA VYSOKIKH TEMPERATUR, VOL. 6, MAY-J
UN. 1968, P. u436-441./ TRANSLATION.
/*EMISSIVITY/#METAL SURFACES/*SURFACE ROUGHNES
S EFFECTS/ MOLYBDENUM/ NIOBIUM/ PYROMETERS/ STEFAN
-BOLTZMANN LAW/ TEMPERATURE PROFILES
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A68-29985# ISSUE 14 PAGE 2694 CATEGORY 33
68/05/00 - UNCLASSIFIED DOCUMENT

Thermal conductivity of metals at hlgh temperat
ures by the Jain and Krishnan method. I - Nickel.

.(H1gh temperature Ni thermal conductivity deter
mxned by improved Jain and Krishnan method, noting

electrical conductivity and total and spectral en
issivities)

A/GOEL, T. Ce; B/JAIN, S. C. (AB/INDIAN INST
o OF TECH., DEPT. OF PHYSICS, NATIONAL PHYSICAL LA
B. OF INDIA, NEW DELHI, INDIA/ AA/INDIAN INST. OF
TECH., DEPT. OF PHYSICS, NEW DELHI, INDIA/.)

JOURNAL OF PHYSICS, PART D - BRITISH JOURNAL O
F APPLIED PHYSICS, VOL. 1, P. 573-580.

/*HIGH TEMPERATURE TESTS/*NICKEL/*THERMAL COND
UCTIVITY/ ELECTRICAL RESISTIVITY/ EMISSIVITY/ SPEC
TRAL EMISSION/ TEMPERATURE DISTRIBUTION/ TEMPERATOU
RE EFFECTS

A65-22053 ISSUE 12 PAGE 1716  CATEGORY 17 A
F 33/616/-7123  65/04/00 UNCLASSIFIED DOCUMENT

Relation between specific heat and total emitta
nce in tantalum, niobium, tungsten, and molybdenum
(Specific heat relation to total emittance in t
antalum, niobium, tungsten and molybdenunm)
asHocd, M.; B/IYER, A. S.; C/NARASIMHAMURTY,
He V. L. {AA/CINCINNATI, U., MATERIALS SCIENCE P
ROGRAM, CINCINNATI, OHIO/.) '
JOURNAL OF PHYSICAL CHEMISTRY, VOL. 69, APR.
1965, P. 1420-1423.
‘ /*¥RADIANT ENERGY/*REFRACTORY METAL/*SPECIFIC H
EAT/ EMISSIVITY/ ENERGY/ HEAT/ HIGH TEMPERATURE/ M
ATERIAL/ METAL/ MOLYBDENUM/ NIOBIUM/ PREPARATION/
RADIANCE/ REFRACTORY/ SPECIFIC/ SURFACE/ TANTALUNM/
TEMPERATURE/ THERMAL/ TOTAL/ TUNGSTEN/ VACUUMNM
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A65-21438#  ISSUE 11 PAGE 1574 CATEGORY 18 *
65/04/00 UNCLASSIFIED DOCUMENT ,
Normal spectral emissivity of isotropic and ani
sotropic materialse.
, (Crystallographic orientation effects on IR EMI
SSIVITY of isotropic nickel and anisotropic graphi
te at high temperatures)
A/AUTIO, G. W.; B/SCALA, E. (AB/CORNELL U.,
ITHACA, N.Y./.)
AIAA JOURNAL, VOL. 3, APR. 1965, P. 738-740.
9 REFS. ARPA-SUPPORTED RESEARCH.

/*CRYSTAL STRUCTURE/*GRAPHITE/*INFRARED RADIAT
ION/*NICKEL/*RADIANT ENERGY/ ANISOTROPY/ CRYSTAL/
CRYSTALLOGRAPHY/ EMISSIVITY/ ENERGY/ HIGH TEMPERAT
URE/ INFBARED/ ISOTROPY/ NORMAL/ ORBRIENTATION/ RADI
ANCE/ RADIATION/ RESISTIVITY/ SPECTRUM/ STRUCTURE

AbU-24480 ISSOUE 20 CATEGORY 18 64,/00/00 UN
CLASSIFIED DOCUMENT '

Determination and application of thermophysical

properties of refractory metals.

(Thermal diffusion, emissivity, heat capacity,
thermal conduction and heat induced structural cha
nges in refractory metals)

A/RIECK, G. D.  (AA/EINDHOVEN, TECHNICAL U., B
INDHOVEN, NETHERLANDS/.)

IN- THE SCIENCE AND TECHNOLOGY OF TUNGSTEN,
TANTALUM, MOLYBDENUM, NIOBIUM AND THEIR ALLOYS, PR
OCEEDINGS OF THE NATO AGARD CONFERENCE ON REFRACTO
RY METALS, OSLO U. CENTRE, OSLO, NORWAY, JUN. 23-2
6, 1963. EDITED BY N. E. PROMISEL. AGARDOGRAPH 82
« OXFORD, PERGAMON PRESS, 1964, P. 205-217. 104 RE
FS. '

/*HEAT EFFECT/*REFRACTORY METAL/*THERMOPHYSICA
L PROPERTY/ CAPACITY/ CHANGE/ DIFFUSION/ EFFECT/ E
MISSIVITY/ MOLYBDENUM/ NIOBIUM/ STRUCTURE/ TANTALU
M/ TEMPERATURE/ THERHKAL/ THERHOCONDUCTIVITY/ TUNGS -
TEN
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N63-85106 62/00/00 UNCLASSIFIED DOCUMENT

A/PLEARS, C. D.

SOUTHERN RESEARCH INST., BIRMINGHAM, ALA.

S0UTHERN RESEARCH INST., BIRMINGHAM, ALA. TH

E DETERMINATION OF THE EMITTANCE OF REFRACTORY MAT
ERIALS TO 5000 DEG F C. D. PEARS <1962< 23P PRES
ENTED AT THE SECOND ASME SYMP. ON THERMOPHYSICAL P
ROPERTIES, JAN. 1962

/ EMISSIVITY/ HIGH TEMPERATURE/ HATERIAL/ MEAS
UREMENT/ REFRACTION

No9-232508 ISSUE 11 PAGE 1909 CATEGORY 17
L8/00/00 UNCLASSIFIEyU DOCUMENT ,

Radiative properties of tantalum, wmolybdenum, n
iobium, graphite and niobium carbide at. high tempe
ratures '

(Radiative properties of tantalum, molybdenunm,
niobium, graphite, and niobium carbide ‘at high tem
peratures in infrared and visible regions)

A/KURUSTALEV, B. A. ,

LOCKHEED MISSILES AND SPACE CO., PALO ALTO, CAL
IF. AVATL- NATIONAL TRANSLATIONS CENTER, JOUN C
RERAR LIBRARY, CHICAGO, ILL. 60616

TRANSL. INTO ENGLISH OF THE BOOK ''TEPLOOBM
EN, GIDRODIN. I TEPLOFIZICH. SVQISTV VLSHCHESTVA"
MOSCOW, NAUKA PRESS, 1968 P 198-219

/*GRAPHITE/*MOLYBDENUM/*NIOBIUM/*NIOB1UA CARBI
DES/*RADIATIVE HEAT TRANSFER/*TANTALUM/ HIGH TEMPE
RATURE/ INFRARED RADIATION/ LIGHT (VISIBLE RADIATI
ON) / THERMAL RESISTANCE

Noy-133388 ISSUE 3 PAGE 439 CATEGORY 17 SM
-T4/224 68/11/14 UNCLASSIFIED DOCUWENT
Experimental study of the total hemispherical e
missivity, electrical conductivity and coefficient
s of thermal conductivity of several refractory me
tals in the 1300-3000 deg K range
(Total emissivity, electrical resistivity, and
coefficients of thermal conductivity of several re
fractory metals in 1300 to 3000 deg K range)
A/TIMROT, D. L.
AIR FORCE SYSTEMS COMMAND, WRIGHT- PATTERSON AF
B, OHIO. (FOREIGN TECHNOLOGY DIV.) AVAIL. CFS
TI :
IN ITS INTERN. SYMP. ON PRODUCTION OF ELEC. PO
WER BY MEANS OF MHD GENERATORS 14 NOV. 1968 P 264
-271 /SEE N69-13314 03-03/
/*ELECTRICAL RESISTIVITY/*EMISSIVITY/*HIGH TEN
PERATURE TESTS/*REFRACTORY METALS/*THERMAL CONDUCT
IVITY/ CONFERENCES/ MAGNETOHYDRODYNAMLIC GENERATORS
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N68-143774% ISSUE 5 PAGE 674 CATEGORY 17 sC
-RR-66-576 67,/08/00 UNCLASSIFIED DOCUMENT

gmittance values of Haynes-25 for a selected re
entry environment

(Emittance values for Haymes 25 fot aerospace n
uclear safety reentry analyses)

A/DEVENEY, J. E. ) :

SANDIA CORP., ALBUQUERQUE, N. MEX.  (AEROSPACE
NUCLEAKR SAFETY DEPT.) AVAIL. CFSTI

SPONSORED BY AEC

/*EMITTANCE/*STELLITE (TRADEMARK)/ AEROTHERMOD
YNAMICS/ COBALT ALLOYS/ EMISSIVITY/ HEAT RESISTANT
ALLOYS/ REACTOR SAFETY

N6b6-19501%% ISSUE 9 PAGE 1563 CATEGORY 33
NASA-CR~56496 PWA-2206, VOL. I NASW-104 62/00/
00 UNCLASSIFIED DOCUMENT

Determination of the emissivity of materials, V
olure I Interim final report, Jul. 1, 1959 - Dec.

31, 1962

(Thermal emittance of refractory metals, oxides
, carbides, and titanates for determining material
s for use in space radiators) .

PRATT AND WHITNEYX AlRCRAPT, EAST HARTFORD, CONN
. AVAIL. CFSTI ‘ '

<1962< 273 P REFS

/¥CARBIDE/*QXIDE/*REFRACTORY METAL/*SPACE - RADI
ATOR/*THERMAL EMISSION/*TITANATE/ EMISSION/ EMISSI
VITY/ HIGH TEMPERATURE/ METAL/ RADIATOR/ REFRACTOR
Y/ SPALL/ THERMAL

Nobo=-19499% # ISSUE 9 PAGE 1563 CATEGORY 33
NASA-CR-56497 PwWA-2206, VOL. II NASW-104 62/00
/700 UNCLASSIFIED DOCUMENT _

Determination of the emissivity of materials, V
olume II Interim final report, Jul. 1, 1959 - Dec
« 31, 1962

(Tables of thermal emittance data for refractor
y metals, oxides, carbides, and tltanates)

PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, CONN
. AVAIL. CFSTI

<1962< 200 P

/*CARBIDE/*MATERIALS SCIENCE/*OXIDE/*REFRACTOR
Y METAL/¥TABLE/*THERMAL EMISSION/*TITANATE/ EMISSI
ON/ EMISSIVITY/ MATERIAL/ OPTICAL/ PRESSURE/ PYROM
ETER/ BRADIATOR/ REFRACTORY/ SCIENCE/ SPACE/ TEMPER
ATURE/ THERMAL/ TIME
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Noo—=19490%*# ISSUE Y PAGE 1563 CATEGORY 33 .
NASA-CR-56498 PWA-2206, VOL. 11l NASW-104 62/0
0700 DNCLASSLFLED DOCUMENT C
Determination of the emissivity of materials, V
olume [IL Interim final report, Jul. 1, 1959 - De
c. 31, 1962
(Compilation of photographs and graphb relative
to determining thermal ewmittance of refractory me
tals, oxides, carbides, and titanates)
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, CONN
. AVAIL. CFSTI
<1962< 180 P
/*LARBIDE/*GRAPH/*OXIDL/*PBOTOGRAPH/*REFRACTOR
Y WETAL/*THERMAL EMISSLON/*TITANATE/ EMISSIVITY/ E
QUIPMENT/ HEMISPHERE/ MATERIAL/ METAL/ RADIATOR/ R
EFRACTORY/ SCIENCE/ SPACE/ SUBSTRATE/ TEMPLRATURE/
THERMAL/ TIME/ WAVELENGTH

N62-10835%*# ISSUE 3  CATEGORY 21 PHWA-1812 N
ASW~-104 60/00/00  UNCLASSIFIED DOCUMENT
(Determination of emissivity of materials)
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, CONN
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, C
ONN. DETERMINATION OF EMISSIVITY OF MATERIALS. THI
RD QUARTERLY PROGRESS REPORT, JAN. 1, 1960 THROUGH
4AR. 1960. 82 P. 1 REF. /PWA-1812/ /NASA CONTRA
CT NASW-104/ AVAILABLE FROM OTS- : PH $8.10, MI 32
b6 ;
/*EMISSION/*GRAPHITE/*MOLYBDENUM/*NIOBIUN/*0OXI
DE/*PLATINUM BLACK/*STAINLESS STEEL/*VARNISH/ BEAN
/ BLACK/ CHARACTERISTICS/ DETECTOR/ DETERIORATION/
DETSRMINATION/ EMISSIVITY/ LEAD/ LIGHT/ OPERATION
AL/ PHOTOMETER/ PLATINUM/ RIG/ SPECTRUM/ STALINLESS
/ STEEL/ SULFIDE/ TOTAL
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N

Boi~-10906 1* ISSUE 2 CATEGORY 13 63/00/00 ON
CLASSIFIED DOCUMENT o

The total hemispherical emittance of platinum,
columbium-1 percent zirconium, and polished and ox
idized inor-8 in the range 100 deg to 1200 deg c

(Temperature dependence of hemispherical emitta
nce of metal and alloy strips in 100- to 1200-deg
¢ range using blackbody vacuum chamber)

A/KOLLIE, T. G.y; B/MC ELROY, D. L.

OAK RIDGE NATIONAL LAB., TENN. ,

IN NASA MEASUREMENT OF THERMAL RADIATION PR
OPERTIES OF SOLIDS 1963 P 365-379 REFS /SEE N64
-10937 02-01/ GPO- $3.50

/*¥ALLOY/*EMISSION/*REFRACTORY METAL/*TEMPERATO
RE/*VACUUM CHAMBER/ BLACK/ BODY/ CHAMBER/ DEPENDEN
CE/ EMISSIVITY/ HEMISPHERE/ HIGH TEMPERATURE/ LOW
TEMPERATURE/ NIOBIUM/ PLATINUM/ STRIP/ VACUUM/ ZIR
CONIUNM .

N63-119154% ISSUE 4 CATEGORY 13 DMIC-177, VOL
- 1 AF 33/616/-7747 62/11/15 UNCLASSIFIED DO
CUMENT
(Thermal radiative properties of selected mater
ials including titanium alloys, stainless steels,
superalloys, refractory metais, and coatings)
A/DEEM, H. W.; B/LUCKS, C. F.; C/WOOD, W. D.
BATT ELLE MEMORIAL INST., COLUMBUS, OHILO. (DEF
ENSE METALS INFORMATION CENTER) e
DEFENSE METALS INFORMATION CENTER, BATTELLE
MEMORIAL INST., COLUMBUS, OHIO THERMAL RADIATIVE P
ROPERTIES OF SELECTED MATZRIALS, VOLUME 1 W. D. WO
0D, H. W. DEEM, AND C. F. LUCKS NOV. 15, 1962 19
2P 25 REFS /CONTRACT AF 33/616/-7747/ /DMIC-177, V
OL. 1/ :
/¥COATING/*MATERTAL TESTING/*RADIATIVE HEAT TR
ANSFER/*REFRACTORY METAL/*STAINLESS STEEL/*SUPERAL
LOY/*TITANIUM ALLOY/ ALLOY/ CERAMICS/ GRAPHITE/ HE
AT TRANSFER/ HIGH TEMPERATURE/ MATERIAL/ MEASUREME
NT/ METAL/ PROPERTY/ RADIATION/ RADIATIVE/ REFRACT
ORY/ STAINLESS/ STEEL/ TEST/ THERMAL/ TITANIUM
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N63-119164# ISSUE 4 CATEGORY 13 DMIC-177, VOL
o 2 AF 33/616/-7747 62/11/15 UNCLASSIFIED DO
CUMENT

(fhermal radiative properties of selected mater
ials)

A/DEEM, H. W.; B/LUCKS, C. F.; C/W00D, W. D.

BATTELLE MEMORIAL INST., COLUMBUS, OHILO. {DEF
ENSE METALS INFORMATION CENTER)

DEFENSE METALS INFORMATION CLNTER, BATTELLE
MEMORIAL INST., COLUMBUS, OUIO THERMAL-  RADIATIVE P
ROPERTIES OF SELECTED MATERIALS, VOLUME 2 W. D. WO
0D, H. W. DEEM, AND C. F. LUCKS NOV. 15, 1962 280
P 11 REFS /FOR ABSTRACT SEE N63-11915 04-13/ /CO
NTRACT AF 33/616/-7747/ /DMIC-177, VOL. 2/

/*¥UIGH TEAPERATURE/*MATERIALS SCIENCE/*RADIATI
Ve HEAT THANSFER/*THERMAL RADIATION/ ABSORPTION/ A
LLOY/ CERAMICS/ CHROMIUM/ COATING/ COBALT/ GRAPHIT
E/ HEAT/ HEAT TRANSFER/ IRON/ MATERIAL/ MOLYBDENUHN
/ NICKEL/ NIOBIUM/ RADIATION/ RADIATIVE/ REFLECTIO
N/ REFRACTORY/ STAINLESS/ STEEL/ SUPERALLOY/ TANTA
LUM/ THERMAL/ TITANIUM/ TUNGSTEN

No2-17018# ISSUE 18 CATEGORY 18 AP 33/616/~6
847 ARPA ORDER 24-61 62709700 UNCLASSIFIED DOC
UMENT

(Refractory materials research - vaporxzatlon a
nd emissivity studies)

A/KIBLER, G. 4.3 B/LYON, T. F. ,

GENERAL ELECTRIC CO., CINCINNATI, OHIO. (FLIG
HT PROPULSION LAB. DEPT.,) '

FLIGHT PROPULSION LAB. DEPT., GENERAL ELECTR

IC CO., CINCINNATI, OHIO REFRACTORY MATERIALS RESE
ARCH EIGHTH QUARTERLY PROGRESS REPORT /11 JULY 1
962 - 30 SEPTEMBER 1962/ G. M. KIBLER AND T. F. LY
ON SEPT. 30, 1962 18 P 7 REFS /LONTRACT AF 33/6
16/-6841, ARPA ORDER 24-61/
i /*EMISSTON/*REFRACTORY MATuRIAL/*TANIALUM NITR
IDE/*VAPORIZATION/ ATMOSPHERE/ CHEMISTRY/ EMISSIVI
TY/ GRAPHITE/ ISOTHERM/ MATERIAL/ MEASUREMENT/ NIT
RIDE/ NITROGEN/ ORIFICE/ PARTICLE/ PRESSURE/ REFRA
CTORY/ RESEARCH/ TANTALUM/ TEMPERATURE
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it

GROUP 2

Concerning high temperature emittance characteristics of
ceramics and high temperature coating materials.
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JC REPORT BIBLIOGRAPHY SEARCH CONTROL NVUe BY45506

sawem_ 38 766 11,2 20/‘3
. 3TIN MARIETTA CORP ORLANDO FLA ORLANDO D]V
w,ar TEMPERATURE RADIANCE OF BORON NITRIDE FROM 187

"o 5068 MICRONS, ‘ (U}
weS A IPTIVE NOTE: TECHN]CAL REPTs JAN=SEP 67
NOV . 67 109pP DURAND yJo Lo JJOHNSON L
I H ' R

-~ e 1]
naPTe NOs OR=901}7
CYNTRACTS FOB635=47=C=0055
wnITORG AFATL TR=é67=199

UNCLASSIFIED REPORT
L.3Tx]BUTION? NO FOREIGN WITHOUT APPRQVAL OF AIR
FURCE ARMAMENT LABey ATTN: ATTI EGLIN'AFB.
Fihe 32DHZ

JESCRIPTORSY (*BORON COMPOUNDS, THERMAL

PRUPERTIES)y NJTRIDESy REFRACTORY MATERIALS,

THERMAL RADIATION, INFRARED RADIATIONs EMISSIVITY,
TZ-PERATURE, RADIOMETERS, DEGRADATIONs HEATING,

wOSE CUNES (V)
JVENTIFIERS: BORON NITRIDE)» RADIANCE (V)

TnE RADIANCE OF VARIOUS FORMS OF BORON NITRIDE wAS
MZASURED IN AN AJRFLAME ENV]RONMENT IN TWO REGIONS of
TrnE INFRARED SPECTRUM (]+87 TO 2082 MICRONS AND

2.96 TO 5+68 MICRONS) QVER A TEMPERATURE RANGE OF

600 TO 1950C, HEATING WAS ACCOMPLISHED WITH AN
DAYGEN=ACETYLENE FLAME AT ATMOSPHER]IC PRESSURE,
~UISTURE RESISTANT HOT PRESSED BORON NJTRIDE .
«.,THSTOOD CONTINUOUS HIGH TEMPERATURE EXPOSURE AT
t50UC SITHOUT SEVERE DEGRADATION, WHILE PYROLYTIC
sGRON NITRIDE SUCCESSFULLY wITHSTOQD CONTINVOUS
EAPGSURE AT }800Ce THE MEASURED RADIANCE=

TEMPERATURE CURVE OF HOT PRESSEp BORON NITRIDE AGREED
CLOSELY WITH VALUES COMPUTED FROM EMISSIVITY DATA,
wnlié SIMILAR DATA FOR PYROLYTIC BORON NITRIDE
SIGNIFICANTLY EXCEEDED THAT MEASURED FOR THE KOT
PRESSED FORMs (AUTHOR) (V)
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sOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. B45506

Av=627 237 7/4 l1/s2
ARMY MATERJALS RESEARCH AGENCY WATERTOWN MASS MATERIALS
ENGINEERING D1V
INFRARED RADJATION OF SQLIDS = TlTANluM-BORONlTRIDE.
(V)
DEC 65 l6P GREN]S,ALBERT Fe ILEVITT,
ALBERT Po
REPTe NOe AMRA=TR=65=30
PROJ: DA=1A0}4501B32A

UNCLASSIFIED REPORT

DLSCRIPTORS: (eCERAMJC MATER]JALS,.
SPECTRA(INFRARED) ), (®SPECTRA(INFRARED)
CEnAMIC MATERJALS)y COMPOSITE MATERJALS,
TITANIUM, BORON COMPOUNDS, NJTRIDES, INFRARED
FRENOMENA, EMISSIVITYy SOLID STATE PHYSICS)H
THERMAL RADIATION, THEORY, H]GH=TEMPERATURE
KRESEARCH, MOLECULAR PROPERTIES, MOLECULAR WEIGHT,
BLACKBODY RADJATION, TITANIUM COMPOUNDS (V)

THE INFRARED RADIATJON PROPERTIES AND

CHARACTERIST]CS OF TITANIUM=BORONJTRIDE WERE
INVESTIGATED [N THE WAVELENGTH REGION EXTENDING FROM
1.0 TO 10e0 MICRONS AT A TEMPERATURE oOF 1300 K.

THE NORMAL SPECTRAL EMISSIVITY), INTEGRATED NORMAL
TOTAL EMISSIVITY, AND INFRARED RADIATION INTENSITY
CURVES OF THIS MATERIAL FOR TwO DIFFERENT SURFACE
CONDITIONS WERE DETERMINED. ADDJTIONAL RADIAT]ON
STUDIES WERE MADE USING A MATHEMAT]CAL INTERPRETATION
BASED ON THE NORMAL TOTAL EMISSIVITY AND WEIGHT=TO=
DENSITY RATIOS OF THE INDIV]DUAL CONSTITUENTS,
{AUTHOR) i
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vel REPORT BIBLIOGRAPHY SEARCH CONTROL NOe« B4550¢

Av=630 37U
LeXINGTON LABS INC CAMBRIDGE MASS
THERNMAL RADIATION CHARACTERISTICS OF TRANSPARENT,
SeMI=TRANSPARENT AND TRANSLUCENT MATERIALS UNDER NON=

1SOTHERMAL CONDITIONS. (V)
OLSCRIPTIVE NOTE: TECHNICAL DOCUMENTARY REPTe) MAY 6}=
JUN 62

APR 64 {1 25P FOLWEILER ROBERT Co
CONTRACTY AF33 616 8368 c
PrQus 7360

TASK: 736001 ,736004

MUNITORS TDRé62 719

UNcLAssxezo REPORT
SUPPLEMENTARY NOTE:

DESCRIPTORS: (SREFRACTORY MATERIALS, THERMAL RADIATION),
(*TRANSPARENT PANELS) HEAT TRANSFER)s ALUMINUM
COMPQUNDS, OX[DESs ABSORPTIONs THERMAL CONDUCTIVITY,
S0LIDS, EMISSIVITY, SINGLE CRYSTALS, HiGH TEMPERATURE
RESEARCHy MICROSTRUCTURE, DIFFUSJON, WAVE TRANSMISSION,
CRYSTAL LATTICES, SCATTERING, PERTURBATION THEORY,
NUMERICAL ANALYSIS, EQUATIONS, INTEGRATION (V)
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00C REPORT BIBLIOGRARHY  SEARCH CONTROL NO. B45506

AD=2806 664
CALIFURNIA UNIV BERKELEY INST OF ENGINEERING
RESCARCH S
THERMAL RADIATION PROPERTIES OF MATERIALS» PART ()
1l _

DESCRIPTIVE NOTE: FINAL REPTe, SEP 60«DEC 61 ON
MATERIALS ANALYSIS ANQ EVALUAT]ON TECHNIQUES,

AUG 62 72P SEBANyReAs

REPTe NOe TR6O 370 P2

CONTRACT: AF33 616 6630

PrOJ: 7360

MUNITOR: ASD TR6O 370 P2

UNCLASS]IFIED REPORT

VeSCRIPTORS: *CERAMIC COATINGS, eREFRACTORY MATERIALS,
sTHEKMAL RADIATION, ALLOYS, BORON COMPQUNDS, CERAMIC
MATERIALSs COATINGS, COPPER, HIGH=TEMPERATURE RESEARCH,
IRON cOMPOUNULS, MOLYBDENUM; MOLYBDENUM ALLOYS, NICKEL
ALLOYS, 0XiDES, PHOTOELECTRIC EFFECT, PLATINUM, PLATINUM
ALLOYS, REFLECTION, RHODIUM ALLOYS, SHELTERS, STAINLESS
STEEL, TEST E£QUIPMENTy TEST METHODS, THERMOCOUPLES,

TITANIUM COMPOUNDS, WIRE (V)
IVENTIFIERSS VOUGHT 11, VOUGHT X, RENE 41
(UNITEMP 4}) M)

RESULTS OBTAINED FOR THE SPECTRAL EMITTANCE OF
MATERIALS MEASURED IN AIR AT INTERMEDIATE
TEMPERATURES OF A30UT 1400 F ARE COMPARED TO THE
SPECTRAL REFLECTANCES MEASURED AT ROOM TEMPERATURE,
THE TEMPERATURE EFFECT ]S FOUND TO BE SMALL FOR
OXIDIZEp METALS AND FQR CERAMIC COATINGS AND SOME OF
THE APPARENT EFFECTS ARE STILL ASSQCJIATED WITH
VARIATION OF THE HMATERJAL AND WITH INACCURACY OF
MEASUREMENTe SPECTRAL EMITTANCES FOR METALS WERE
DETERMINED ONLY FOR PLATINUMe A SYSTEM DESIGNED

FOR THE DETERMINATION OF THE SPECTRAL EMITTANCE OF
METwLS QR OF MATERIALS wITH METALLIC SUBSTRATES, IN
VACUUM UR IN AN INERT ATMOSPHERE, 1S DESCRIBED AND
PRELIMINARY RESULTS ARE INDICATED FOR INCONEL.
{AUTHOR) ' ' {U)
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LOC REFORT BIBLIOGRAPHY SEARCH CONTROL NO. B45506

AUu=270 454

CALIFORNIA UNJV BERKELEY INST OF ENGINEERING

REScARCH ,

THERMAL RADIATION PROPERTIES OF MATERIALS. (U)
DESCRIPTIVE NOTES: TECHNICAL REPTe FOR JUL 59=SEP 60,
CUNTRACT! AF33(616)=6630
PrOJ: 7360
MONITUR: WADY TR=60=370

UNCLASSIFlED REPORT

SUPPLEMENTARY NOTE: REPORT ON MATERIALS ANALYSIS AND
EVALUATIUN TECHNIQUES.

DESCRIPTORS $ALLOYS (¢HEAT=RESISTANT METALS + ALLOYS
eHEAT=RESTSTANT PLASTICS ,*METALS 4#PLASTICS ,
¢REFKACTURY COATINGS s aREFRACTORY MATERTIALS ABSORPTION
yALUMINUM ALLOYS »8O0RON COMPOUNDS ,CARBIDES ,CHROMATES
CHROMIUM ALLUYS ,COATINGS 1COBALT ALLOYS ,GUIDED
MISSILES ,HIGH=TEMPERATURE RESEARCH ,INFRARED RADIATION
'NICKEL ALLOYS (NioBIUM ,PHOTOELECTRIC EFFECT ,
NADIVMETLRS ,REFLECTION ,REFLECTOMETERS ,
SATELLITES(ARTIFICIAL) ,SPACECRAFT ,STEEL 4SURFACE
PROPLRTIES s TEST EQUIPMENT TEST METHODS THERMAL
RALUIATION JTHERMOCQUPLES {M)

METARODS ARE DESCRIBED FOR MEASUREMENT OF TOTAL

NORMAL EMJTTANCE)» IN AIRy, FOR TEMPERATURES UP TO 2500
Fi FOR NORMAL SPECTRAL REFLECTANCE, IN AIR, AT LOW
TEMPERATURE FOR WAVELENGTHS FROM 0430 TO 25 MICRONS}
AND IN AIRy AT 1000 F FOR WAVELENGTHS FROM | TO 25
MICKONSes RESULTS ARE GIVEN FOR 20 SAMPLES OF
DIFFERENT MATERIALS AND THE MEASURED TOTAL EMITTANCES
ARE GENERALLY WITHIN 5% OF VALUES PREDICTED FROM
REFLECTANCE MEASUREMENTSs REFLECTANCES WERE
MEASURED AS A FUNCTION OF ANGLE FOR WAVELENGTHS OF
THE ORDER OF | MICRON, TO GJVE ABSORPTANCES AS A
FUNCTIOn OF ANGLE OF INCIDENCE THAT ARE USEFUL IN THE
APPRAISAL OF SOLAR IRRADIATION, A SPECTRAL

EMITTANCE UNIT IS DESCRIBED AND THE PRELIMINARY
RESULTS FOR SAMPLES AT 1400 F SHOW GEWERAL

AGREEMENT WITH MEASURED VALUES OF SPECTRAL
RIFLECTANCEs (AUTHOR) ' (U)
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LOC REPORT 8IBLIOGRAPHY SEARCH CONTROL NOe 045518

Av=42] 8le :
ARMY MATERIALS RESEARCH AGENCY WATERTOWN MASS
ANALYSIS OF A REFRACTORY COATING SYSTEM FOR THE

THERMAL PROTECTION OF TITANIUM, (V)
SEP 63 22p FARROW,RAYMOND Le (LEVY,
MILTON §
PROJ: L1HO 244Q1A111
MONITORK: AMRA TR63 |3

UNCLASSIFIED REPORT

SUPFLEMENTARY NOTE? REPORT ON MATERIALS FOR S0L1D
PRUPELLANT ROCKET MOTORS, ‘

DeSCRIPTORS: (eT]JTANJUM aLLOYS, REFRACTORY COATINGS),
{»COATINGSy TITANJUM ALLOYS), ERQOSION» METAL COATINGS,
CERAMIC COATINGS, FLAME SPRAYING, CYLINDRICAL BODIES,
ALUMINUM COMPQUNDS, OXIDESy NICKtlLy CHROMIUMy COPPER,
PI1PES,y GASES) HEAT TRANSFER, ALUMINUM ALLOYS, VANADIUM
ALLOYS, TIN ALLOYS, DENS[TY, THERMAL CONDUCTIVITY,
EMISSIVITYs EXPERIMENTAL DATA, H]GH-TEMPERATURE
RESEARCHy POROSITY, STEEL (V)

JUENTJFIERS: 963 (U)

MeTALLIC AND CERAMIC REFRACTORY COATINGS ARE BEING
CONSIDERED TO EXTEND THE UscFulk LIFE OF TITANIUM
UNDER CONDITJONS OF HIGH TEMPERATURES AND EROS]VE

L TMOSPHERESe THE EFFECTS OF THE REFRACTORY

COMPOS]ITE SYSTEM OF FLAME=SPRAYED NICKEL=CHROME,
ALUMINUM OXIDEs AND COPPER, ON THE THERMAL
CAARACTERISTICS OF A TITANJUM TyBE WERE INVESTIGATEDe.
ThE REFRACTORY COMPOSITE SYSTEM WAS EXAMINED
METALLOGRAPHICALLY FOR ADHESION OF COATING TO
CCATINGy AND COATING TO SUBSTRATE, POROSITY OF
COATINGS, AND EFFECT OF DEPOSITJON ON THE STRUCTURE
0F THE TITANJUM SUBSTRATEs A COMPARISON OF THE
WeIGHTS OF THE COMPOSJITE TITANIUM TUBE SYSTEM AND A
SIMILAR SIZE STEEL TUBE WAS MADEe A WEIGHT

REUUCTION OF |9 PERCENT IS eFFECTED 8y THE USE OF THE
COATED TITANIUM SYSTEMe THE ADVANTAGES AND
DISADVANTAGES OF EACH COATING ARE DISCUSSED) AND
SUGGESTIONS FOR FUTURE WORK ARE PRESENTEDs

{AUTHOR) ' ' (V)
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00C REPORT ODIBLIQGRARHY 5EARCH’CONTROL NOes B45506

AD=274 Y
BATTELLE MEMORIAL INST COLUMBUS OHIO DEFENSE METALS
INFURMATION CENTER
TAE EMMITANCE OF CERAMICS AND GRAPHITES - tv)

MAR 62 1V WOOD ¢WeD o iDEEMIHeWe JLUCKS yCoF ol
REPTe NOs Mi48 B

CONTRACT: AF33 616 7747

UNCLASSIFJEp REPORT

DESCRIPTORSS #CARBIDES, ®CERAMIC MATERIALS) SGRAPHITE,
¢NITRIDES, #O0XIDES, #SJLICIDES, ABSORPTIONs ALUMINUM
COMPOLNDS, BERYLLIUM COMPOUNDS, BLACKBODY RADIATION,
sORON COMPOUNDS, DATA, EMISSIVITY, HEAT TRANSFER,
MAGNERSIUM COMPOUNDs, MOLYBDENUM COMPOUNDS, NICKEL,
51.1CON COMPOUNDS, SURFACES, TABLES, TANTALUM COMPOUNDS,
THERMAL RADIATJONs TITANIUM COMPOUNDS, TUNGSTEN
COMPOUNDS, ZIRCONIUM CQMPOUNDS (V)

DDC REFORT BIBLIOGRAPHY SEARCH CONTROL NOes B45506

AD=294 586
BATTELLE MEMORJAL INST COLUMBUS OHIO DEFENSL METALS
INFURMATION CENTER
THERMAL RADIATIVE PROPERTIES OF SELECTED
MATLR!{ALS {U)
NOV 62 v WOOD yWeDe IDEEMyHoWe LUCKS yCoaF e}
REPTe NOo 177 V2
CONTRACT: AF33 616 7747

UNCLASSIFIED REPORT

DESCRIPTORS! ®CERAMIC COATINGS, eHEAT RESISTANT
MATERIALS, $PAINTS, ®REFRACTORY COATINGS, *THERMAL
RADIATION, ALLOYS, BORIDES, BORON, CARBIDES, DATAs METAL

COATINGS, METALS, OXIDES, PHOSPHATE COATlNGS. REFRACTORY
MATERIALS, SleCxDES {U)

THERMAL RADI{ATIVE PROPERTIES OF SELECTED MAT&R:ALS.
COMPILATIONs BORON, BORIDE COATINGSe CARBIDE COATINGSo
ENAMcLS AND PAINTS. OXIDE COATINGSy SILICIDE COATINGS

PHOSPHATE COATINGS, METALLIC COATINGS. MISCELLANEOUS
COATINGS,
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0DC REPORT BIBLIOGRAPHY  SEARCH CONTROL NOs 045518

AL=433 782
BATTELLE MEMORJAL INST COLUMBUS OHJIO DEFENsE METALS
INFORMATION CENTER :
PKOPERTIES OF COATED REFRACTORY METALS; (V)
JAN 64 98P GIBEAUTswe Ae }BARTLETT,Es S,
REPTe NDo 195
CONTRACT: AF33 615 1}2]
PROJ: 8975

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: REPTe hNOs 959 SUPPLe TO REPTe NQo
162y AD=271 3BHe :

DeSCRIPTORS: (eREFRACTORY COATINGS, REFRACTORY METALS
AND ALLOYS), (#REFRACTORY METALS AND ALLOYS, REFRACTORY
COATINGS), NJOBIUM, NIOBIUM ALLOYS, MO_YBDENUM,
MOLYBDENUM ALLOYS, TANTALUM, TANTALUM ALLOYS, TUNGSTEN,
FOILSy HEAT=RESISTANT METALS AND ALLOYs,) ALUMINUM
ALLOYSy TIN ALLOYS) SILICIDESs ALUMINUM COATINGS,
EMISSIVITY, FATIGUE (MECHANICS)s RUPTURE, OXIDATION,
LIFE EXPECTANCY, MECHANICAL PROPERTJIES, TENSILE
PROPERTIES ) (V)

JVENTIFIERS: 964 - (V)

TAlS REPORT SUMMARIZES THE JNFORMATION GENERATED
SINCE THE MJDDLE OF 1961 ON THE CHEMICAL, PHYSICAL,
AND MECHANICAL PROPERTIES OF REFRACTORY METALS THAT
ARE COATED WITH OXIDATION=RESISTANT COATINGS OF
ADVANCED=EXPERIMENTAL OR COMMERCIAL STATUS, IT [S

A SUPPLEMENT TO DMIC REPORT 162, COATINGS FOR THE
PROTECTION OF REFRAGTORY HETALS FROM '

0AIDATIONy DATED NOVEMBER 244 1961+ RECENT

DATA ON SPECIFIC SILIC]DE= ANp ALUMINIDE- TYPE
CUATINGS FOR COLUMBIUM, MOLYBDENUM, TANTALUM, AND
TUNGSTEN AND THEIR ALLOYS REFLECT GENERAL ADVANCES N
COATING QUALJTY AND PERFORMANCE, UNDERSTANDING OF THE
cERAVIOR OF COATED SYSTEMS, AND MORE COMPLETE
ReALIZATION OF THE PROBLEMS ASSQOCIATED WITH THE VUSE
OF COATED HARDWAREe (AUTHOR) (V)
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DDC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. B455Q6

AD=272 614 .
NAT]ONAL AERONAUTICS AND SPACE ADMINISTRATION WASHINGTON D
c .
MEASUREMENTS OF TOTAL EMITTANCE OF SEVERAL REFRACTORY
OX1DES, CERMETS, AND CERAMICS FOR TEMPERATURES FROM
600 DEGKEES F TO 2,000 DEGREES F (U)
MAR 62 v WADE yWILLIAM ReISLEMP WAYNE St
RePTe NOe TN D 998 ' ‘

UNCLASS]FIED REPORT

DESCRIPTORS: *BLACKBODY RADIATION, #CERAMIC MATERIALS,
«CERMETS, eFLAME SpPRAYING, *HEAT RESJSTANT MATERIALS,
«HEAT RESISTANT METALS + ALLOYS, CHIGH=TEMPERATURE
RESEARCH, ®PAINTS,» ®RERRACTORY MATERIALS, ALUMINUM
COMPOUNDS, CARBIDES, CHROMIUM ALLOYS, CHROMIUM
COMPOUNDS, HYPERSONIC CHARACTERISTICS, IRON ALLOYS,
MEASUREMENT, NICKEL ALLOYS, NITRIDES, OXIDES, SILICON
COMPOUNDS, SUPERSONIC PLANES, TEMPERATURE CONTROL (V)

PLANESy HYPERSONICSe) ®HEAT RESISTANT PAINTS,
EXPERIMENTAL MEASUREMENTS OF TOTAL EMITTANCE WERE
PRESENTED FOR A VARIETY OF REFRACTORY MATERIALS
3ELIEVED TO HAVE POSSIBLE USE AS TEMPERATURE CONTROL
SURFACES FOK HIGH SUPERSONIC AND HYPERSONIC AIRCRAFTe
THE FULLOWING MATERIALS WERE STUDJED: CHEMICALLY
OXIDIZED INCONEL, CRO2 BASE PAINT, AL203 BASE

PAINT, SIC CERAMICS, S13N4 CERAMIC, CR/AL

OXIDE CERMETS, AND FLAME~SPRAYED CERMETS.

{AUTHOR) ' (V)
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OOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. 0455]8

AD=801 274 1173
NORTH AMERICAN AVIATION INC LOS ANGELES CALIF
THE ROLE OF EMITTANGE IN REFRACTORY METAL COATING
PERFORMANCE: PART I = REVIEW AND ANALYSISo (V)
DESCRIPTIVE NOTE: SUMMARY TECHNICAL REPT- I JUL 66=3}
JAN 66 ON PHASE 1,
JAN 66 163P BARTSCHiKe Oe¢ JHUEBNER,A

REPTe NQe NA=E6=76U=PT=]
CUNTRACT: AF J33(a6l151=3039
PrROoJ: AF=7312

TASK: 731201

MONITOR: AFML TRe66=55=PTw]

UNCLASSIFIEDLD REPORT
DISTRIBUTION}! NO FOREIGN WITHOVUT APPROVAL OF AIR
FORCE MATERIALS LABes» WRIGHT=PATTERSON AFB,
OHIO 45433+ ATTN: MAM, -

DLSCRIPTORS: (¢REFRACTORY COATINGS, *«EMISSIVITY),
{sREFRACTORY METALS, REFRACTORY COATINGS),
AERUSPACE CRAFT, ROCKET MOTOKS, COOLING,
SILICIDES, NIOBIUM ALLOYS, MOLYBDENUM ALLOYS,
TIN) ALUMINUM COMPOUNDS, TANTALUM ALLOYS,

THERMAL RADIATION, HYPERSONIC FLOW (V)
IVENTIFIERS: NIOBIUM ALLOY CB=752) MOLYBDENUM
ALLOY TZM (V)

THE ROLE OF EMITTANCE WAS REVIEWED FOR THE PURPOSE

OF ORIENTING THE PLANNING OF A COMPREHENSIVE PROGRAM
TO PROVIDE ACCURATE AND PROPER EMITTANCE DATA FOR
TRERMAL CALCULATIONS NEEDED IN THE DESIGN OF ADVANCED
AEROSPACE VEHICLES AND ENGINESe THE FQLLOWING wAS
FOUND: COATED REFRACTORY METALS ARE USED AND ARE
PLANNED FOR FUTURE USE ON REENTRY AND HYPERSONIC
CRUJSE VEHICLES WHICH ARE COOLEpD ALMOST SOLELY BY THE
RADJATION OF HEAT TO SPACEe SPACE ENGINE NOZZLES

AND EXTENS]ONS FABRICATED OF COATED REFRACTORY METALS
MAY SE COOLED TO ADVANTAGE oY RADIATIONe EMITTANCE
vALUES HAVE A PROFOUND EFFECT ON THE RATE OF HEAT
REJECTION, AND THEREBY, ON THE METAL=COATING SYSTEM
TEMPERATURE WHICH, IN TURN, CONTROLS COATING LIFE AND
METAL STRENGTHe THE EMITTANCE OF A COATED

REFRACTORY METAL IS A FUNCTION OF ITS ENVIRONMENT
WrICrH INCLUDES TEMPERATURE, TiMgs PARTIAL PRESSURES
OF THE ATMOSPHER]IC CONSTITUENTS; AND THE FREE=STREAM
VELOCITY OF THE ATMOSPHERE UNDER EXTREME TEMPERATURE
CONDITIONS. (V)
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Au=g62 279 1473
NORTH AMERICAN ROCKWELL CORP LOS ANGELES CALIF LOS ANGELES
DIV :
THE ROLE OF EMITTANCE IN REFRACTORY METAL
COATING PERFORMANCEs PART I}e TOTAL AND _
SPECTRAL EMITTANCE MEASUREMENTS TO 2500 Fo {u)
DESCRIPTIVE NOTE: SUMMARY TECHNICAL REPTe JUL $5=AUG
b8y : .
APR 69 1 74P BARTSCHsKARL O, IKIMBALL,
LEONARD Gs {HUDGINS WALTER Pe I1GEIBJELDEN
Re $1BLOCKySe Jo |
REPTe NOe NA=gp=760=2
CUNTRACT: AF 33(615)=3039
PrROJ: AF=73}2
TASK: 731201
MUNITOR: AFML TR=66=55«PTe2

UNCLASSIFIED REPORT
DISTRIBUTION; NO FOREJGN WITHOUT APPRQVAL OF
DIRECTOR, AIR FORCE MATERIALS LaABey, ATTN:Z
MAMs NRIGHT=PATTERSON AFBs OH]O 45433,
SUPPLEMENTARY NOTE: SEE ALS0 PART |, AD=801 274,

PeSCRIPTORS: (eREFRACTORY COATINGS, EMISSIV]TY),
(eREFRACTORY METAL ALLOYS, REFRACTORY COATINGS),
NJOBlUM ALLOYS, MOLYBDENUM ALLOYS, TANTALUM
ALLOYS, SJLICJDES, METAL COATINGS, CHROMIUM,
VITANJUMy SILICON, ALUMINUM, TIN, [RON,

SLURRY COATING 1'R

IUENTJFIERSY NIOBIUM ALLOY CB8=752, MOLYBDENUM

ALLOY TZM, TANTALUM ALLOY 10w (V)
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AD=665 701 1173 :
NURTH AMERICAN ROCKWELL CORP LOS ANGELES CALIF LOS ANGELES
DIV _ ,

ThHE ROLE OF EMITTANCE IN REFRACTORY METAL

COATING PERFORMANCEe PART Ijle TOTAL AND

SPECTRAL EMITTANCE MEASUREMENTS ABOVE 2500

F AND CORRELATION OF EMITTANCE wlTH

COMPOSITION. . (Ul

DESCRIPTIVE NOTES! SUMMARY TECHNICAL REPTe 1| OCT 6530

DEC 68, ' .
NOV &9 195P BARTSCHoKARL O, SKIMBALL,

LEONARD Geo SHUDGINS:WALTER Pe $GEIBIELDEN

RQ;PAGEDP' R. H -

REPTs NOe NA®b46=760=2=PTm3

CUNTRACT: AF 33(615)=30239

PROJ: AF=7312

TASK: 7312014

MONITORS AFML TR®66=55«PTmd

UNCLASSIFIED REPORT ,
CISTRIBUTION; NO FOREIGN WITHOUT APPRQVAL OF
DIRECTOR, AIR FORCE MATERIALS LABe,y, ATTNZ?
MAMe WRIGHT=PATTERSON AFB8, OH]O 45433, _
SUPPLEMENTARY NOTE: PREPARED IN COOPERATION WiTH PHILCO
FORD CORPoy NEWPORT BEACH: CALIFoys AERONUTRONIC
VIVe SEE ALSO PART 2y AD=862 279,

DESCRIPTORS: (eREFRACTORY COATINGS, EMISSIVITY),
(eREFRACTORY METAL ALLOYS, REFRACTORY COATINGS),
NIOBIUM ALLOYS, MOLYBDENUM ALLOYS, TANTALUM
ALLOYS, SILICIDES, METAL COATINGS, CHRQoMIUM,
TITANJUMy SILICON, ALUMINUM, TIN, IRON,

SLURRY COATING ')

JOENTIFIERS] NJOBIUM ALLOY CB=752, MOLYBDENUM

ALLOY T2M, TANTALUM ALLOY 1Ow ‘ (V)
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Av=442 2846

AMERICAN MACHINE AND FOUNDRY CO ALEKANDR!A VA ALEXANDRIA
DIV

IMPROVED RADIATOR COATINGSe PARY l. (V)
DESCRIPTIVE NOTES REPTs FOR | APR 63~=1 APR 64,
JUN - 64 82pP SCHATZ,ELIHU A, ICOUNTS,

ChARLES Re oJI1{BURKS,TEMAN Lo
CUNTRACTS AF33 657 10764
Prous 7340
TASK:s 734007
MUNITOR: ML TOR6Y 146

UNCLASSIFIED REPORT
NUFORN :
SUPPLEMENTARY NOTE: REPORT ON NONMETALLIC AND
COMPOSITE MATERIALSe

DESCRIPTORS: (eTHEKMAL RAOIATION, CERAMIC MATERIALS),
{eCERAMIC COATINGSy EMISSIVITY)» (*OXIDES,) REFLECTANCE)
REFLECTOMETERS, aLACKBODY RADIATION, SPECTROPHOTOMETERS,
ALUMINUM COMPOUNDS, COBALT CUMPOUNDS, CHROMIUM
ComPOUNDS, TRON COMPOUNDS, SILICON COMPOUNDS, STRONTIUM
COMPOUUNDS, TITANJUM COMPQUNDSs YTTRIUM COMPQUNDS,
LIRCONIUM COMPOUNDSy CHROMATES, TITANATES, TIN
COMPOUNDS, SAMARIUM COMPQUNDS» GERMANIUM COMPOUNDS,
MANGANESE COMPOUNDSy PARTICLE SIZEy HIGH=TEMPERATURE
RESEARCH) LOW-TEMPERATURE RESEARCH, MEASUREMENT, BORON
COMPOUNDS, NITRIDESy CARBIDES, MOLYBODENUM COMPOUNDS,
SILICIDES, SURFACE PROPERTIESs POWDERS, SINTERING,

N]CEL COMPOUNDS, MAGNESIUM COMPOUNDS, PARTICLES, CER[UM
COMPOUNDS (V)
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AD=468 576
AMERICAN MACHINE AND FOUNDRY (O ALEKANDRxA VA ALEXANDRI
DIV
IMPROVED RADJATOR COATINGSe PART 1o , (u)
DESCRIPTIVE NOTE: TECHNICAL DOCUMENTARY REPT-. 1 APR 64~
1 APR 65,
AUG 65 99P SCHATZ »ELIHVU Ae ICQUNTS,
CHARLES Re  [Ile JALVAREZ ,GEORGE He |
HOPPKE sMARGUERITE As } '
CONTRACTS AF33 657 10764
PrROJ: 7340
TASK: 734007
MONITOR: ML TOR=6H= | 4smpT=2

UNCLASSIFIED REPORT
NOFORN ~ :
SUPPLEMENTARY NOTE: SEE ALSO PART 1, AD 442 284,

DLSCRIPTORS: (eTHERMAL RADIATION, METALS),

{e0AIDES, THERMAL PRUPERTIES)y EMISSIVITY,

REFLECTION, COATINGS, THERMAL PROPERTIES),
SPECTRA(VISIBLE + ULTRAVIOLET),

SPECTRA(INFRARED)y SINTERING, CHROMIUM

COMPOUNDS, IRON COMPUUNDS, COBALT COMPQUNDS,

NJCKEL COMPOUNDS, ACCEPTABILITYs INSTRUMENTATION,

VACUUM APPARATUS, PRESSURE, POWDERS, ALUMINUM,

TUNGSTEN. TANTALUM, CHROMIUM, TEMPERATURE,

MOLYBDENUM COMPOUNDSy MAGNES|UM COMPOUNDS,

SONDINGy PHOSPHATES)H SILICATES. STAINLESS STEEL,
AGINGIMATERIALS) (V)
IVENTIFIERS: SPECTRAL EM]TTANCE» SPECTRAL

REFLECTANCE, CHROMIUM (I11) OXIDg,y, IRON (II])

UXJDE, COBALT OXIDEy NICKEL OX]DEs MOLYBDENUM

TRIOXIDEs MAGNESIUM OXIDEs TIN (JV) OXIDE, -

LINC OXIDEy ALUMINUM OXIDE ’ ()

DURING THIS SECOND YEAR®'S EFFORT RESEARCH WAS
CONTINUVED TO UNDERSTAND THE FUNDAMENTAL VARIABLES
CUNTROLLING THE THERMAL RADIATION PROPERTIES OF
MATERJALS), AND TO APPLY THE RESULTS TOWARD THE
DEVELOPMENT QF HIGH EMITTANCE COATINGS FOR THE 400 TO
1600 C RANGE, STUDIES THAT WERE PERFORMED

InCLUDED A SURVEY OF THE SPELCTRAL EMITTANCE OF 42
SINTERED OXIDES, A COMPARISON OF TOTAL EMITTANCE
MEASUREMENTS PERFORMED [N VACUUM WITH THOSE PERFORMED
AT ATMOSPHER]C PRESSURE, AND THE EFFECT OF NUMEROUS
VARJABLES ON THE SPECTRAL REFLECTANCE OF COMPACTED
POVWDERSe FOR THE LATTER CASE THE EFFECTS OF

PRESSURE, PARTICLE S1ZE, COMPOSITIONs AND EXTENT OF
HEATING WERE DETERMINEDs (AUTHOR) tv)
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DDC REPORT BIBLIUGRAPHY SEARCH CONTROL NOe 045518

Abed23 743
AMER[CAN MACHINE ANU FOUNDRY (¢O ALEXANoRxA VA ALEXANDRIA
D1V
H{GH TEMPERATURE, HIGH EMITTANCE INTERMETALLIC
CUATINGSe PART o EMITTANCE AND REFLECTANCE OF

INTERMETALLIC COMPOUNDS (V)
DESCRIPTIVE NOTES! FINAL REPTe FOK JUN 62=JUN 63,
AUG 63 18P SCHATZELIHU A, $IGOLDBERG

- DAVIO Me (PEARSON,ERVIN Gel8URKS,TEMAN Lo 1

CONTRACT: AF33 457 8877

PrOous 7340

TASKY 734007

MUNITOR: ASD TORe3 657y PTe |}

UNCLASSIFJED REPORT
NOFORN
SUPPLEMENTARY NOTE?

DLSCRIPTORS: (¢INTERMETAWLLIC COMPOUNDS, COATINGS),
(e MISSIVITY, INTEXRMETALLIC COMPOUNDS), REFLECTIUN,
BORIDES,y SILICIDES, HIGH TEMPERATURE RESEARCH, PHYSICAL
PRUPERTIES, SPECTRA (VIS]BLE + ULTRAVIQLET), SPECTRA
(INFRARED) s CARBJDES)» NITRIDES, ALUMINUM COMPOUNDS,
oORON COMPOUNDSy BERYLLIUM COMPOUNDS, SILICON CcOMPOUN{(V)

TOENTIFLIERS: 1963, PACK CEMENTATION, BERYLLxDEs.
ALUMINIDESy CHROMIDES : (U}

SPECTRAL TOTAL REFLECTANCE (De23 = 2945

MiCRONS) AND SPECTRAL NORMAL EMITTANCE CURVES ARE
PRESENTED FOR HIGH TEMPERATURE) OXIDATION =
RKESISTANT, IN TERMETALLIC COMPOUNDSe MAJOR

EMPHASIS WAS GIVEN TO SINTERED SAMPLES OF

ALUMINIDES, BORIDES, BERYLLIDES AND SILICIDES,
ALUMINIDE AND SILICIDE COATINGS PREPARED BY PACK
CEMENTATJON TECHN]JQUES WERE ALSQ STUD]EDe THE
EMITTANCE AND REFLECTANCE PROPERTIES ARE SIMILAR FOR
MOST COMPOUNDS HAVING DJFFERENT STOICHIOMETRIC RATIOS
OF THE SAME ELEMENTSe (AUTHOR) (V)
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0DC REPORT 8IBLIOGRAPHY SEARCH CONTROL NOe 04551@

AMEX]JCAN MACHINE AND FOUNDRY CO ALEXANDRIA VA ALEXANDRI,
DIV :

HIGH TEMPERATURE, HIGH EMITTANCE INTERMETALLIC

COATINGSs PART [1le PREPARATION AND THERMAL

RADIATION PRUPERTIES OF INTERMETALLIC COMPOUNDS AND
COATINGS. (V)

DESCRIPTIVE NOTE?: FINAL REPTes JUN 64=MAY 65,

JUL 65 100P SCHATZ,,ELIHU A, §ALVAREZ,
GEORGE He JCOUNTS,CHARLES Ry ,l]11HOPPKE,
MARGUERITE Ae ¢ e

CONTRACT: AF33 657 8877
Prous 7340

TASK: 734007

MONITOR: ML TR=65=217

UNCLASS|FIED KREPORT
NOFORN

SUPPLEMENTARY NOTES REPORT ON NONMETALLIC AND

COMPOSITE MATERIALSe SEE ALSO PART 1y AD=423 743,

DeSCRIPTORSS {eCOATINGS, OXIDES),

(@EMISSIVITY), INTERMETALLIC COMPOUNDS, TITANIUM

ALLOYS, REFLECTION, THERMAL RADIATION» SURFACE
PROPERTIES, POWDERSy ALUMINUM ALLOYS, BORIDES,
SILICJDES, OXIDATION, BERYLLIUM ALLOYS, HEATING,

A=RAY DIFFRACTION ANALYS]Sy TANTALUM ALLOYS,

THICKNESS, LOW=PRESSURE RESEARCH, METAL FILMS,

NIOBIUM ALLOYS, HIGH=TEMPERATURE RESEARGH), BARJUM
COMPOUNDS, CHLORJIDES, FLUORILES ‘ (V)

IVENTIFIERST #BINARY SYSTEMS, eSURFACE ROUGHNESS,

sHI=VACy INERT ATMOSPHERE, *THIN OXIDE FILM,
-oxloATION-REsxsrANT COATINGS {v)

SURFACE ROUGHNESS AND SURFACE OxIDATIQN WERE FOUND

TO BE THE TWO KEY VARIABLES THAT MOULIFIED THE THERMaAL
RADIATION PROPERTIES OF INTERMETALLIC COMPOUNDS AND
CUATINGSe INCREASES IN SURFACE KOUGHNESS OR IN THE
TRICKNESS OF THE OXIDE LAYERS USUALLY INCREASED THE
EMITTANCE OF THE SPECIMENS. THE THICKNESSES OF THE
FOGRMED OXIDE LAYERS WERE FOUND TO BE ESPECIALLY
DIFFICULT TO CONTROL BECAUSE EVEN UNDER HIGH VACUUM
(0«0300G1 TOR) OR IN INERT ATMOSPHERE (MORE THAN

] PPM OXYGEN) SUFFICIENT OXYGEN WAS PRESENT To

REACT WITH INTERMETALLIC COMPOUNDS WHEN HEATED TO
OVER 500 Ce¢ THIN OXJDE LAYERS ACTED AS

INTERFERENCE FILMSy AND THEJR EFFECT WAS DEPENDENT ON
THICKNESSs AND THE KREFRACTIVE INDICES OF THE OXIDES
AND INTERMETALLICSe ALUMINIVE, BERYLLIDE AND

SILICIDE COATINGSy PREPARED BY A PACKCEMENTATION
METHOD, WERE INVESTIGATEDes HIGH EMITTANCE

COATINGS, HAVING EXCELLENT OX]DATION RESISTANCE, WER(V)
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AD=462 018
BUEINuw €O SEATTLE WASH
EVALUATION OF TIC EMITTANCE IMPROVEMENT TOPCOAT ON
DiSIL COATED TZM (MU=0e5T1=QelZR) ' {V)

UCT 64 78P GUNDERSONyJo Wy ILINDH, D0 Vo

ISTRATTONsWe Ko

REPTe NOo D2=36145=1

CONTRACT: AF33 615 1624

UNCLASSIFJED REPORT
NOFORN

SUPFLEMENTARY NOTES

DESCRIPTORSY (#REFRACTORY COATINGS, EM]SSIVITY),
{eREENTRY VEH]CLES) REFRACTORY CQATINGS), COATINGS,
SILICON COMPOUNDS, SILICONE PLASTICS, AERODYNAMIC
HEATINGy MOLYBDENUM ALLOYS, TITANIUM COMPOUNDS,
CAKBIOESy ADHESIONs MECHANICAL PROPERTIJIES,
wEATHERPROOFING) HIGH TEMPERATURE RESEARCHs VIBRATION
UXIDATION, SPACE ENVIRONMENTAL coNDxTKONso SIMULATION.

TESTS, MANNED SPACECRAFT o (vl
IVENTIFIERS? MOLYBDENUM ALLOY TZM, X=20
SPACECRAFT (V)

EVALUATION OF THE ADHES]ON, WEATHER]NG RESISTANCE

AND ALLOWABLE TOTAL NORMAL EMITTANCE FOR THE TIC
TGPCOAT ON DISIL CUATED TZM WAS REQUIRED To
CHARACTERJZE THE SYSTEM'S PERFORMANCE POTENTIAL FOR
AeROSPACE APPLICATIUNS SUCH AS PASSIVELY COOLED GLIDE
ENTRYe SPECIMENS OF 20 MIL SHEET TIM WERE COATED

AND EVALUATED. THE TIC TOPCOAT RESULTED IN

TOTAL NORMAL EMITTANCE HIGHER THAN THQSE OBTAINED FOR
STRAIGHT DISil COATING ON TZM, THERE WAS NO

LOSS OF AUVHESiON [N BEND TESTING IN SpPITE OF SEVERE
CRACKING OF THE DISIL COATING AND EVEN BASE METAL
FRACTURE. LIKEW]ISE THERE WAS NO LOSS OF ADHESION

IN VIBRATION TESTINGe WEATHERING EXPOSURES

PRODUCED NO DETECTABLE EFFECTS ON EMITTANCE OR
OXIDATION LIFE IN SUBSEQUENT SIMULATED GLIDE ENTRY
PROFILE TESTSe JSOTHERMAL=ISOBARIC TESTING

VERIFIED THAT THE EMITTANCE OF THE COATING SYSTEM WaAS
STABLE FOR EXTENDEO 'EXPOSURE TIMES IN AERO«SPACE TYPE
ENVIRONMENTS, AT TEMPERATVURES VUp TO 3000 F,

ALLOWABLE TOTAL NORMAL EMITTANCE VALUES WERE
CALCULATED FOR A SPECIFIC TYPICAL ENTRY FLIGHT,
(AUTHOR) (v)
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AD=347 895 1176 1172 22/2
BOEING CO SEATTLE WASH .
PERFORMANCE OF OXIDATION RESISTANT COATINGS FOR
coLuMBIuUM ALLOYS (V)
DEC 63 v DREISBACHWe GLEN ¢

REPTe NOe D2 81111 2
SCP 4 CONFIDENT AL REPORT

SUPPLEMENTARY NOQOTe?

DESCRIPTORSS (NJOBIUM ALLOYSy; PROTECTIVE TREATMENTS),
{¢COATINuS, PERFORMANCE (ENGINEERING)), BOOST~GLIDE
VEHICLES, MANNED SPACECRAFT) RESEARCH PLANES) OXIDATION,
SILICIDES, CERAM]C COATINGS, REFRACTORY COATINGS,
PRESSUKE, TIME, TEMPERATURE, EMISSIVITY, THICKNESS,
TITAN]UM ALLUYS, ZIRCONIUM ALLOYS , (V)

JOENTIFIERS] 19635 X=20 SPACECRAFT, Dmudé NJOBJUM
ALLOYS A

tu)
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Ayendd |79
NAVAL RADIOLOGICAL DEFENSE LAY SAN FRANCISCO CALIF
TUTAL HEMISPHERICAL EMITTANCE AND NORMAL SPECTRAL
EMITTANCE (LAMBDA = Q465 MICRON) OF OxIDAT]ION

PROTECTIVE COATINGSe (y)
ULSCRIPTIVE NOTE: REPTe FOR 27 Firp=19 DEC 62,

29P ALVARESINe Jo §
PRGJs TASK -
Tasci 736001
MUNITORS ASD TOR6I 249

UNCLASSIFIEV REPORT

SUPPLEMENTARY NOTE; HKEPORT ON THE CHEMISTRY AND
PHYSICS OF MATERIALSe

PESCRIPTORS; (eREFRACTORY METALS AND ALLOYS, COATINGS),
(eCOATINGS, EMISSIVITY), (®PROTECTIVE TREATMENTS,
REFRACTORY METALS AND ALLOYS)s ANTIOXIDANTS, THERMAL
RADIATION, SILICIOESy PYROMETERS, OPTIcAL EQUIPMENT,
NOLYoDENUM, TUNGSTEN, NIuBIUM, TANTALUN - (V)

IVENTIFJERSY 1963, PACK CEMENTATjON ' (V)

MEASUREMENTS OF THE VARJATION Of TOTAL

HEMISPHERICAL EMITTANCE AND NQORMAL SPECTRAL EMITTANCE
(LAMBDA @ 0¢65 MICRON) wITH INCREASINgG 1
TEMPERATURES HAVE BEEN MADE ON SOME PACK=CEMENTATION
DISILICIVE TYPE OXIUATION RESISTANT COATINGS FOR THE
RuFRACTORY METALS, MOLYBDENUM, TUNGSTEN, NIOBIUM AND
TANTALUMe THE NURMAL SPECTRAL EMITTANCE (LAMBDA

s 0e65 MICRON) OF THE COATINGS ON DISCc SAMPLES, WAS
DETERMINED WITH A MICRO=OPT|CAL PYROMETER) WHICH WAS
SIGHTED INTO A gLACK BOUY HOLE» DRILLED IN THE SAMPLE
AND THEN ONTO THE ADJACENT AREA, THE TOTAL
HeMISPHERICAL EMITTANCE OF THE COATINGS ON RIBBON
SPECIMENS wWAs FQUND BY USE OF A CALIBRATED TOTAL
RADIATION PYROMETER, WH[CH SAMPLED THE ENERGY
RAVDIATED FROM A UNIFORM TEMRERATUKE REGION
ESTABLISHED ABOUT THE CENTER PORTION OF THE
ELECTRICALLY HEATED R]BsON SPECIMENs THE

DIFFUSENESS OF THE SURFACE OF THE VARIOQUS COATINGS
%AS FOUND BY TAKING ANGULAR DISTRIBUT]ONS QF THE
RADIATION EMITTED FROM THE CENTER PORTION OF THE
SAMPLE RIBBONS AT VARJOUS TEMPERATURES WITH THE TOTAL
RADIATION PYROMETERe THE CONFIDENCE LIMITS PLACED

ON THESE DATA ARE = 15 PERCENTe (AUTHQR) - (V)
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ODC RZIPORT BIBLIOGRAPHY SEARCH CONTROL NO., 045B}8

AD=299 48y
MARGUARDT CORP- VAN NUYS CALIF
STAoICITY AND EMITTANCE OF MOLYGDENUM DISILICIDE
COATING UNDER VARYING TEMPERATURES AND PRESSURES (V)
AR 63 1V RABENSTE‘NE|A.S."
REPTe NOe PR 281 39 4 ’
CONTRACTS: AF33 657 8706

UNCLASSIFIED REPORT

DESCRIPTOKSS ®EMISSIVITY, *LOW=PRESSURE RESEARCH,
*SILICIDES) COATINGS, CORROSION INHIBITION, EVAPORATION,
AlGH=TEMPERATURE RESEARCH, MOLYBDENUM, MOLYBDENUM
ALLOYSy RODSy SHEETS, STABILITY, TITANJUM ALLOYS (V)

STABILITY ANV EMITTANCE OF MOLYBDENUM DtSlLlC:DE COATING
UNDER VARYING TEMPERATURES AND PRESSURES.

ATU-13752% ISSUE 3 PAGE 512 CATEGORY 17 69
/10/00 - UNCLASSIFIED DCCUMENT

Ealssivity and electrical r951ot1v1ty of titani
um carpide at high temperatures

(Fitanium carbide hemispherical and spectral en
issivity and electrical resistivity measured at hi
gh temperature) ,

A/CHEKHOVSKOIL, V. IA.; B/PETROV, V. A.; C/SHE
INDLLN, A. E. (AC/AKADEMIIA NAUK SSSR, NAUCHNO-
ISSLEDOVATEL'SKII INSTITUT VYSOKLIKH TLMPERATUR, MO
SCOW, USSR/.)

AKADEMIIA NAUK SSSR, IZVESTIIA, NEORGANICHESKI
¥ MATERIALY, VOL, 5, P. 1533- 1536. IN RUSSIAN.

/*ELECTRICAL RESISTIVITY/*#EMISSIVITY/*HIGH TEM
PERATURE TESTS/*TITANIUM CARBIDES/ SINTERING/ SPEC
TRAL EMISSION/ WAVELENGTHS
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AbY=30985# IS3UE 15 PAGE 2640 CATEGORY 17
69/04/00- ° UNCLASSIFIED DOCUMENT

Integral hemispherical emissivity of pyrolytic
zirconium carbide ‘

(Pyrolytic zirconium carbide emissivity during
initial heating compared with results for specinmen
s prepared by powder metallurgy)

A/CHEKHOVSKOI, V. IA.; B/DYNOV, B. K.; C/KILI
N, V. S.; D/PETROV, V. A. .

TEPLOFIZIKA VYSOKIKH TEMPERATUR, VOL. 7, P. 26
0-264.  /AKADEMIIA NAUK SSSR, NAUCHNO- ISSLEDOVAT
EL*SKII INSTITUT VYSOKIKH TEMPERATUR, MOSCOWd, USSR
Ve IN RUSSIAN. -

/*¥HIGH TEMPERATURE RESEARCH/*PYROLYTIC MATERIA
LS/*THERMAL EMISSION/*ZIRCONIUM CARBIDES/ POWDER M
ETALLURGY/ REFRACTORY MATERIALS/ THERMODYNAMIC PRO
PERTIES ‘

‘A69-3098“# ISSUE 15 PAGE 2640 CKTEGORY 17

69/04/00 UNCLASSIFIED DOCUMENT

Integral normal emissivity of tantalum and hafn
ium carbides at temperatures ranging from 1300 to
3000 deg K

(Integral normal emissivity of Ta and Hf carbid
es at temperatures from 1300 to 3000 K measured by
radiation method in vacuum) S

A/NIKQLAEVA, V. A.; B/PETROV, V. A.; C/SHEIND
LIN, A. E.3; D/VINNIKOVA, A. N. (AA/AKADEMIIA NA
UK SSSR, NAUCHNO~ ISSLEDOVATEL'YSKII INSTITUT VYSOK

~ IKH TEMPERATUR, MOSCOW, USSR/.)

TEPLOFIZIKA VYSOKIKH TEMPERATUR, VOL. 7, P. 25
7-259. IN RUSSIAN. :

/*¥EMISSIVITY/*HAFNIUMN CARBIDES/*HIGH TEMPERATU
RE TZSTS/*TANTALUM CARBIDES/*THERMAL EMISSION/ THE
RMOPHYSICAL PROPERTIES/ VACUUM CHAMBERS:
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A07—295Q6 ISSUE 15 PAGE 2503 CATEGORY 17 .6
7/00/00 . "UNCLASSIFIED DOCUMENT

iligh temperature emittance of coated refractory

metal.

(Coated refractory metals thermal emittance mea
sured at high temperatures for design of reentry v
ehicle under time-temperature-pressure profile)

A/ALLEN, Te H.; B/JOHNSON, C. Re; C/RUSERT, E
o L. (AC/MCDONNELL CO., ST. LOULIS, MO./.)

IN- THE EFFECTS OF THE SPACE ENVIRONMENT ON
MATERIALS, SOCIETY OF AEROSPACE MATERIAL AND PROCE
SS ENGINEERS, NATIONAL SYMPOSIUM AND EXHIBIT, 11TH
s ST. LOULS, MO., APR. 19-21, 1967, PROCEEDINGS.
<A67-29534 15-18< NORTil HOLLYWQOD, CALIF., WESTE
RN PERIUDICALS CO. /SCIEWJCE OF ADVANCED HMATERIALS
AND PROCESS ENGINEERING SERIES. VOLUME 11/, 1967,

Pe 111- 123. 42 REFS.

/*HEAT SHIELD/*RADIATION HLAQURLMLNT/*REBNTRY
VEHICLE/*REFRACTORY METAL/*TUERMAL EMISSION/ CONFE
RENCE/ LBMISSION/ HEAT/ MATERIAL/ MEASUREMENT/ META
L/ PRESSURE/ RADIATION/ REENTRY/ REFRACTORY/ SHIEL
D/ TESTINb/ THERMAL/ TIME/ VLHILLE

A0 3-24987% ISSUE 24 CATEGORY 6 63/00/00 UN
CLASSIFIED DOCUMENT
(Lmittance measurements of materials uu1table £
or spacecraft radiator coatings)
A/ASKWYTH, W. Hej B/HAYES, R. J.; C/MIKK, G.
EMITTANCE OF MATERIALS SUITABLE FOR USE AS
SPACECRAFT RADIATOR COATINGS. W. H. ASKWYTH, R. J.
HAYES, AND G. MIKK /UNITED AIRCRAFT CORP., PRATT
AND WHITNEY AIRCRAFT DIV., EAST HARTFORD, CONN./.
/AMERICAN ROCKET SOCIETY, SPACE POWER SYSTEMS CON
FERENCE, SANTA MONICA, CALIF., SEPT. 25-28, 1962./
IN~ POWER SYSTEMS FOR SPACE FLIGHT. PROGRESS 1IN
ASTRONAUTICS AND AERONAUTICS. VOL. 11. EDITED B
Y MORKRIS ZIPKIN AND RUSSELL N. EDWARDS. NEW YORK,
ACADEMIC PRESS, INC., 1963, P. 401-425. NASA-SUP
POBTED RESEARCH.
/*¥COATING/%#SPACECRAFT RADIATOR/ EMISSIVITY/ HE
AT/ HEMISPHERE/ HIGH VACUUM/ MATERIAL/ MEASUREMENT
/ BADIATION/ RADIATOR/ SPACECRAFT/ THERMAL

53

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION

=



N69-70383 RG1FPD571 62,/03/15 UNCLASSIFIED DO
CUMENT
Emittance coating studies on Cb-1 Zr alloy
A/DOTSON, L. E.
GENERAL BELECTRIC CQ., EVENDALE, OHIO.

/*METAL COATINGS/*NIOBIUM ALLOYS/*NUCLEAR POWE
R PLANTS/*THERMAL STABILITY/*ZIRCONIUM ALLOYS/ ALU
MINUY OXIDES/ HEAT RADIATORS/ HEAT RESISTANT ALLOY
S/ SPACECRAFT POWER SUPPLIES/ TEST EQUIPMENT/ THER
MAL EMISSION/ TITANIUM OXIDES

No3-82157 . ©1/07/00  UNCLASSIFIED DOCUMENT
A/HJELM, L. N.
DIRECTORATE OF MATERIALS AND PROCESSES, AEKONAU
TICAL SYSTEMS DIV., WRIGIT-PATTERSON AFB, O0i#IO.
DIRECTORATE OF MATLRIALS AND PROCESSES, AERO
NAUTICAL SYSTE4S DIV., WRIGAT-PATTZRSON AFB, OHIO
REFRACTORY EMISSIVE COATINGS L. N. HJELM IN LTS M
ATER. SYMP., HOTEL WESTWARD HO, PHOENIX, ArIZ., 13
-15 SEPT. 1961 JULY 1961 Pu82-502 10 REFS /SEE
N63~ 82126 =30/
/ CERAMICS/ COATING/ DIFFUSION/ EMISSIVITY/ GR®
APHITE/ METAL/ REFRACTLON/ REINFORCEMENT/ SPRAYING

N64-17588%% "ISSUE 9 CATEGORY 19 NASA-CR-5323
4 AMF-AR63-502A 63/00/00 UNCLASSIFIED DOCUMENT

Supplemental information on high temperaturc co
ating and material programs at amf

(digh temperature and high emittance coatings)

A/BROWNING, M. E.; B/MC CANDLESS, L. C.; C/PE
ARSON, E. Ge.3; D/SCHATZ, E. A.

AMERICAN MACHINE AND FOUNDRY CO., ALEXANDRIA, V
A. AVAIL. CFSTI

<1964< 6 P SUPPL. THE REPT. TO THE NASA-AS

D REFRACTORY CON¥POSITES WORKING GROUP,‘PALO ALTO,
CALIF., 11-14 HAR. 1963

/*COATING/¥HIGH TEMPERATURE RLSEARCH/ ALUMINUM
/ BERYLLIUM/ CONMPOUND/ EMISSIVITY/ HIGH TEMPERATUR
E/ OXIDATION/ RESEARCH/ RESISTANCE/ SILICIDE
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Nod=17216# IS5SUE 9 CATEGORY 138 64,/01/24 UN
CLASSIFIED DOCUMENT )

Oxidation-resistant coatings for refractory net
als review of recent developments

(Oxidation-resistant coatinygs for refractory me
tals and alloys)

A/ENGLISH, J. J.; B/GIBEAUT, W. A.
BATTELLE MEMORIAL INST., COLUMBUS, OHIO. (DEF
ENSE METALS INFORHATION CENTER)
24 JAN. 1964 4 P REFS ,

/*0XIDATION RESISTANCE/*PROTECTIVE COATING/*RE
FRACTORY ALLOY/*REFRACTORY  METAL/ ALLOY/ COATING/
ENISSIVITY/ METAL/ MOLYBDENU#/ NIOBIUM/ OXIDATIQN/

PROTECTION/ REFRACTORY/ RESISTANCE/ SILICIDE/ TAN
TALUM/ TUNGSTEN

Nou=-115934% 15508 3 CATEGORY 18 LANS=2965 W

~7405-ENG-36  63/09/01  UNCLASSIFIED. DOCUMENT

Total optical emissivity and electrical resisti
vity of /u sub 0.3 zr sub 0.7/c in the temperature
rauge 1400 deg k to 2800 deg k

(Optical emissivity & electrical resistivity of
uraniuw-zirconium carbide pin at high temperature
s)

A/MILLER, L. We.; B/TATRO, L. D. .

LUOS ALAMOS SCIENTIFIC LAB., N. MEX. AVAIL, C
FSTI

19 NOV. 1963 17 P

J¥ELECTRIC RESISTANCE/*QPTICAL EMISSION/*URANI
U4 COMPOUND/*ZIRCONIUH CARBIDE/ CARBIDE/ COUPOUND/
COMPRESSION/ ELECTRIC/ BMISSIVITY/ HIGH TEMPERATU
RE/ OPTICAL/ OPTICS/ PIN/ POWDER/ BESISTIVITY/ URA
NIUM/ ZIRCONIUM
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Noc=-1u783%# . " [5508 3 CATEGORY 21 PWA=1u7 1/ N
ASW-104 60/00/00 UKCLASSLYTIED DOCUMENT

(Determination of the emissivity ob materials)

PRATT AND WHITNEY AILRCRAFT, EAST HARTFOUD, CONN

PRATT & WHITNEY AIRCRAFT, EAST HARTFURD, CON

N. PROGRESS REPORT ON THE DETERMINATION OF THE EMI
SSIVITY OF MATERIALS DURING THE PERIOD FROY JULY 1
s 1960, THROUGH SEPT. 30, 1960. <1960< 73 B, REF
S. /PWA-1877/ /NASA CONTRACT VASW—]OQ/ oTs- Pl $
7.60, MI $2.39

/*CARBIDE/*EMISSION/*OXIDE/*PHOSPHATE/ ALUMINU
i/ BINDER/ BLACK/ BLAST/ BODY/ BORON/ CRYSTAL/ CRY
STALLOGRAPHY/ EMISSIVITY/ ENDURANCE/ HOLE/ INTENSI
IY/ IRON/ MEASUREMENT/ PLATINUM/ QUALITY/ RADIATIO
N/ KIG/ SAND/ SCANNING/ SIzk/ SPECTRUM/ SURFACE/ T
ITANIUN/ VARLATION

N6 3-18320#. . ISSUE 17 CATEGORY 17 NASA-CR-5048
7 PWA=-2163" NASW-104 63/00/00 UNCLASSIFIED DO

CUNENT

(Emission spectrunm measurements of refractory c
oating materials)

A/HAYES, R. J.

PRATT AND WHITNEY AIRLRAFT, EAST HARTFORD, CONN
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, C
ONN. DETERMINATION OF THE EAISSIVITY OF MATERIALS

QUARTERLY PROGRESS REPORT, OCT. 1 THROUGH DEC. 31
+ 1962 R. J. HAYES 1963 96P /NASA CONTRACT NASW-
104/ /NASA CR-50487, RWA-2163/ OTS- $8.60 PH, %3
.08 HUF

/*COATING/*EMISSION SPECTRUM/*REFRACTORY MATER
IAL/ ALUMINUM/ BLACK/ BONDING/ BORON/ CALCIUM/ CAR
BIDE/ CHROMIUM/ COBALT/ DIOXIDE/ EMISSION/ EMISSIV
ITY/ ENDURANCE/ MATERIAL/ NICKEL/ OXIDE/ PALLADIUM
/ REFRACTORY/ SILICON/ SPECTRUNMN/ STANNIC/ STRONTIU
M/ TIN/ TITANATE/ TITANIUM
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N63-10264% - ISSUE 1 CATEGORY 6 ARS PAPER-2538
-62 62700700 UNCLASSIFIED DOCUMENT
(Emittance of materials suitable for use as spa
cecraft radiator coatings)
A/ASKWYTH, W. H.; B/HAYES, R. Je.; C/MIKK, G.
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, CONN
PRATT AND WHITNEY AIRCRAFT, EAST HARTFORD, C
ONN. THE EMITTANCE OF MATERIALS SUITABLE FOR USE A
S SPACECRAFT RADIATOR COATINGS We Ho. ASKWYTH, R. J
. HAYES, AND G, MIKK N.Y., AM. ROCKET S0C. <1962<
26 P 5 REFS PRESENTED AT THE ARS SPACE POWER S
YSTEMS COVNF., SANTA MONICA, CALIF., SEPT. 25-28, 1
962 /SPONSORED BY NASA/ /ARS PAPER-2538-62/ ARS-
$0.50 MEMBERS, $1.00 NCNMEHBLRS
/*¥COATING/*EMISSION/*SPACE RADIATOR/ ACETYLENE
/ ALUMINUN/ ARC/ BONDING/ DBORON/ CARBIDE/ CHROMIUM
/ DETERIORATION/ EMISSIVITY/ HEMISPHERE/ HIGH VACU
UM/ 1RON/ MATERIAL/ METAL/ NICKEL/ OXIDE/ PHOSPHAT
E/ PLASMA/ POWER/ BRADIATOR/ SILICON/ SPACE/ SPACEC
RA¥T/ SUBSTRATE/ SUITABILITY/ TEMPERATURE/ TITANIU
M/ VACUUM

No2=-13797* 4, ISSUE 11 CATLEGORY 21 NASA-IN-D-1
2638 62/07/00 UNCLASSIFLED DOCUMENT

(Total normal emittance of boron nitride from 1
200~-deg £ to 1900-deg £ with normal spectral emitt
ance data at 1400-deqg f)

A/CASEY, Fo We, JR.; B/WALKER, G, H.

NATLIONAL AERONAUTICS AND SPACE ADMINISTRATION.
LANGLEY RESEARCH CENTER, LANGLEY STATION, VA.

NATIONAL AERONAUTICS AND SPACE ADMINISTRATIO

N. LANGLEY RESEARCH CENTER, LANGLEY STATION, VA. M
EASUREMENT OF TOTAL NORMAL EMITTANCE OF BORON NITR
IDE FROM 1,200 DEG F TO 1,900 DEG F WITH NORMAL SP
ECTRAL EMITTANCE DATA AT 1,400 DEG F. GILBERT H. W
ALKER AND FRANCIS W. CASEY, JR. WASHINGTON, NASA,
JULY 1962. 22 P. 2 REFS. /NASA TN D-1268/ OTS~-
$0.75. :

/*BORON NITRIDE/*EMISSION/*¥SPLCTRUMN/ AERODYNAN
ICS/ BORON/ CAVITY/ EDGE/ EMISSIVITYI/ FLUX/ HIGH S
PELED/ HIGH TEMPERATURE/ LHPFRARED/ INSERTION/ LINEA
R/ MEASUREMENT/ NITRIDE/ NONCONDUCTOR/ NORMAL/ NOZ
ZLE/ RADIATION/ REENTRY/ REFRACTORY/ ROCKET/ SPECI
MEN/ SPEED/ SURFACE/ TECHNIQUE/ TEWMPERATURE/ THICK
NESS/ TOTAL/ TRANSPARENCY
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GROUP 3

Concerning the high temperature emittance characteristics

of carbon, graphites, ablative materials and chars.
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VPC REPORT BIBLIVGRAPHY SEARCH CONTROL NOe 045518

AD=438 220
AVCO CORP WILMINGTON MASS RESEARCH ANp ADVANCED
NEVELOPMENT DIV
THE INFRARED EM]SSION SPECTRA OF PLAST]CS ABLATING
IN A LOW ENTHALPY AIR STREAM? MEASUREMENTS OF SURFACE
TEMPERATURES AND TEMPERATURE PRQFILES BEHIND THE
SURF ACES, .
Fed 60 lop HANST)Pe Le |
RePTe NQe 7TMsD 11
CONTRACT: AFO4 647 258

(W)

UNCLASSIFIED REPORT
NUFORN
SUPPLEMENTARY NOTE: REPORT ON wWSw}33Ae

DLSCRIPTORSS (@ABLATION, PLASTICS)s (*PLASTICS, SPECTRA
{INFRARED) )y AJR, ENTHALPY» SURFACE TEMPERATURE,
TEMPLRATURE y EMISSIVITY, INFRAREU RALIATION,
POLYETHYLENE PLASTICSy ACRYLJC ReSINSs EPOXY PLASTICS,
TESTS, GUIUVED MISSILES (SURFACE=TO=SURFACE), REENTRY
VERICLESy NOSE CONESy SURFACE PROPERTIESs HEAT
TRANSFER (Ul

IDENTIFIERST TEFLONes MINUTEMAN tu)

THE INFRARED EM]SSIUN SPECTRA OF ABLATING SAMPLES

OF PLASTICS HAVE BEEN RECORDED AND ANALYZED To
OBTAIN SURFACE TEMPERATURES AND APPROYXIMATE
TEMPERATURE PROFILES BEHIND THE SURFACES
POLYeTHYLENE, POLYTETRAFLUOROETHYLENE (TEFLON),
POLYMETHYLMETHACRYLATEy AND AN EPOXY RESIN WERE
STUUIED UNDER ABLATIVE CONDITIONS IN AN ELECTRICALLY
HEATED AIR STREAMe A METHOD IS DEVELOPED FOR
CALCULATING FROM THE EMISSION INTENSITIES THE ACTUAL
SURFACE TEMPERATURE AND THE TEMPERATURE PROFILE
BEHIND THE ABLATING SURFACE, (AUTHOR) (J)
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¥DC REPORT BIBLIOGRAPHY  SEARCH CONTROL NOe B45506
- ol
AD=449 240 ,
AVCO CORP WILMINGTON MASS RESEARCH AND ADVANCED
DEVELOPMENT DIV ,
RESEARCH ON THE CHARACTERIZATION AND ANALYSIS OF NEW
PLASTIC AND COMPOSITE MATERJALS IN ADVANCED RE=ENTRY

ENVIRONMENTS o £'R]
DESCRIPTIVE NOTES? TEST REPTe NOe |, :
SEP 64 25P HOERCHER ;He Ee¢ JRECESSO,Je ¢

REPTe NODs SR 41 122
CONTRACT AF33 616 7938

UNCLASSIFIED REPORT
NOFORN
SUPPLEMENTARY NOTES

DESCRIPTORS: (#COMPOSITE MATERJALS, THERMAL PROPERTIES)
ATMOSPHERE ENTRY, SIMULATION, TEMPERATURE, MEASUREMENT,
TEXTILESy GRAPHITE, WUARTZy, ABLATION, ADDITJVES, SURFACE
TEHPERATURESy ELECTRIC ARCS, PLASMA PHYSICS, PLASMA
JETS, EMISSIV]TY (V)

SIX MATERIAL SPLASH TESTS WERE PERFORMED IN A 250

Kw MODEL S00 ARC ON SIX EXPERIMENTAL MATERJAL
COMPOSITESs THREE COMPOSITES WERE GRAPHITE CLOTH
REINFORCED CARBONACEOUS SUBSTRATES WITH ORGANIC AND
INORGANIC ABLATION FILLERS, AND THE OTHER THREE WERE
QUARTZ CLOTH REINFORCED CARBONAGCEOUS SUBSTRATES WITH
ORGANIC AND [NORGANIC ABLATIVE FILLERSe A TABLE

SHOWS THE PLASMA GENERATOR CHARACTERISTICS AS WELL AS
MEASURED ABLATION VELOC]TY, SURFACE TEMPERATURE, '
TOTAL SURFACE RADIATION, AND ASSUMED EMISSIVITY FOR
EACH OF THE SAMPLES TESTEDs (AUTHOR) (V)
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DG REPORT BIBLIOGRAPHY  SEARCH CONTROL NO. B45506

AU=p38 6194 1179 L/ 2074 2272
1172
AVGCO EVERETT RESEARCH LAB EVERETT MASS
SPECTRAL EMISSIVITY MEASUREMENTS OF ABLATZNG PHENULIC

GRAPHITE . (vl
DESCRIPTIVE NOTES RESEARCH REPTe, :
JUL 68 40P CHANG:2JOHN He jSUTTON,

GLORGE We |
RKEPTe NQe AERL=RR=2%5
CUNTRAGCT ? DA=0l=02}=AMC=)2008(Z), ARPA ORDER~525

UNCLASS|FIED REPORT
DISTRIBUTION; DOD ONLY} OTHERS TO ADVANCED
RESEARCH PROJECTS AGENCYs; ATTN} TiOs
WASAINGTON, Do Ce 20301,

DESCRIPTORS: (#GRAPHITE, PHENOLIC PLASTICS),
(eFIRE RESISTANT TEXTILES; LAMINATES) ,
(eLAMINATES, EMISSIVITY), (#GRAPHITED MATER1IALS,
ABLATION), PYROLYTIC GRAPHITE, HEAT=RESISTANT
MATERIALS; SPECTRA(VISIBLE ¢ ULTRAVIOLET)s ARC
. HEATERS,; SUBSONIC FLOW, SURFACE PROPERTIES,
SPECTRA{INFRARED), BLACKBODY RADJATION,
INFRARED RADIATION, LIGHT, SURFACE TEMPERATURES,
NEAT SHIELDS, ATMOSPHERE ENTRY, BOUNDARY LAYER,
UPTICAL INSTRUMENTS: COMPOSITE MATERIALS (U}
IVENTIFIERS: #ABLATIVE MATERIALS, #PHENOLIC
GRAPHITEs #SPECTRAL EMISSIVITY, ;MSSSIQN SFEC?RUM;
GREYBODY RADIATION {y)

THE SURFACE SPECTRAL RADIANCE OF ABLATING PHENOLIC
GRAPHITE WAS MEASURED IN THE WAVELENGTH REGION
BETWEEN 0e3 AND (0.5 MIGRONSe THE MATERIAL WAS

HEATED T0O ITS ABLATION TEMPERATURE IN AN ARC=MEATED
SUBSONIC AIR STREAM HAVING AN EQUILIBRIUM TEMPERATURE
OF APPROXIMATELY 8000 Ke THE HMAGNITUDE AND THE

SLOPE OF MEASURED SURFACE SPECTRAL RApIANCE VS
WAVELENGTH CURVE [N THE VISIBLE AND NgAR INFRARED
SPECTRUM INDICATE THE SURFACE TEMPERATURE TO BE 2800
K ¢ OR = 100 Ke BY COMPARING THE MEASUYRED

SURFACE SPECTRAL RADIANCE Wi¥H THAT CALCULATED FROM
PLANCK RADIATION LA®W FOR A 2500 K BLACKBODY THE
SPECTRAL EMISSIVITY VARIES FROM D87 N THE VISIBLE
SPECTRUM TO Q.62 IN THE INFRARED: THE SPELTRAL
EMISSIVITY DATA SHOW THAT THE ABLATING PHENOLIC
GRAPHITE RADJATES NEARLY 43 A GREYBODY IN THE VISIBLE
AND IN THE WAVELENGTH REGION OF 3 70 10.% HMICRONS.
{AUTHOR) U}
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UDC REPORT BIBLIOGRAPHY SEARCH CONTROL NOe B45S506

Aumd478 59714 20/13
MARTIN CO ORLANDO FlLA

JHFRAKED SIGNATURE CHARACTERIST[CS (V)

DeSCRIPTIVE NOTE: FINAL REPTe 30 MAR=~3Q NOV 65,
JAN 66 174P DURAND o JAMES Lo IHQUSTON,

Co KENNETH |

RoPTe N0De OJR=6820

CONTRACT: AF Q081{635)=5087

PROJ: AF=7849

TASK: 764903

MONITOR: ATL TR=66=«8

UNCLASSIFIED REPORT
DISTRIBUTION: USGO: OTHERS TO DIRECTORATE OF
ARMAMENT PDEVELOPMENTs EGLIN AFB,; FLAe ATTN}
ATTR.

UESCRIPTORS: (#PYROLYTIC GRAPHJTE, INFRARED
RAUITATION); (#BORON COMPOUNDS, INFRARED RADIATION),
SPECTRA(INFRARED), EMISSJVITY, NITRIDES,
KEFLECTION, H}GH=TEMPERATURE RESEARCH)

MEASUREMENT, DATA, REVIEWSs TABLES, QX[DES,
INTERMETALLIC COMPOUNDS,; ALLOYSs BORIPES,
SILICIDES, BERYLLIUM ALLOYS, ALUMINUM ALLOYS,
NICKEL ALLOYS, CERAMIC COQATINGSs CERAMIC

MATERIALS, METALS, BIBLIOQGRAPHIES {u)

IVENTIFLERSS INFRARED SIGNATURES, BORON N;TRIDE.

INCONEL (ALLOYS) tv)

EMITTANCE MEASUREMENTS wERE MADE FROM 25 TO §§
‘MICRONS 8Y HEATING TEST SPECIMENS OF PYROLYTIC
GRAPH]TE AND PYROLYTIC BORON NITRIDE BY AN INDUCTION=
CUNQUCTION TECHNIQUE IN VACUUMs ROOM REFLECTANCE
MEASUREMENTS WERE MADE FROM 0,259 TO 25 MICRONS, AND
VALUES OF TOTAL NORMAL EMITTANCE WERE COMPUTED AT
SEVERAL TEMPERATURESe [T WAS FOUND THAT THE

SPECTRAL EMITTANCES OF THE PYROLYTIC MATERIALS WERE
QUITE SIMILAR TO DATA OsTAINED FOR THgR
POLYCRYSTALLINE COUNTERPARTSa EMITTANCE OF

PYROLYTIC GRAPHITE NORMAL TO THE BASAL PLANES
DECREASED WITH INCREASING WAVELENGTH BEYOND 2.5
MICRONS AND IS5 NOT A STRONG FUNCTION OF TEMPERATURE,.
POLISHED PYROLYTIC GRAPHITE SURFACES GAVYE HIGHER
EMITTANCES THAN UNPOLISHED SURFACESS THIS PHENOMENA
1S RELATED TQ THE CRYSTALLOGRAPHIC ORIENTATION, IT

15 CONCLUDED THAT PYROLYTIC GRAPHITE 1S METAL=LIKE N
THAT THE EMITTANCE QUAL|TAT]VELY AGREES WITH

DRUDE'S RELATION., EMITTANCE OF PYROLYTIC BORON
NITRIDE WAS FOUND TO BE GREATER THAN ABOUT Uesg OVER
THE REGION FROM 2+5 TO {5 MJCRONS WITH THE EXCEPTION
OF A DEEP MINIMUM AT ABOUT 7 MICRONSe (AUTHOR) {U)
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D0OC REPORT BIBLIOGRAPHY SEARCH CONTROL NOes B4550¢

Au=H62 Q06

UNION CARBIDE CORP PARMA OHJO

RESEARCH ON H1GH TEMPERATURE PROTECTIVE COATINGS FOR

GRAPHITE. (V)
ULSCRIPTIVE NOTES PROGRESS REPTe NOe 4, | JUN=3} AUG

b4 :
SEP | 64 7@P EPREMIAN,Ee JCRISCIONE Jo Mo

CUNTRACT: AF33 657 11253

UNCLASSIFIED REPORT
RELEASE OR ANNOUNCEMENT TO FORE]GN GOVERNMENTSOR THEIR
NATIONALS IS NOT AUTHORIZED,
SUPPLEMENTARY NOTE?

DeSCRIPTORS: (2GRAPHITE; PROTECTVE TREATnsnTs;,
{#REFRACTORY COATINGS, GRAPHJTE), (sMETAL COATINGS,
INDIUM)y OXIDATION, EMISSIVITY, OXYGEN, DIFFUSION,
SERYLLIUM COMPOUNDSs ZIRCONIUM COMPOUNDS, HAFNIUM
COMPOUNDS, OXf{DESy; THORIUM COMPOUNDS; HIGH=TEMPERATURE
RESEARCH, ELECTRODEPOSITION, VAPOR PLATING, TENSILE
PROPERTIES, COMPATIBILITY., PERMEABILITY, REACTION
KINETICSy REDUCTION (CHEMISTRY), CHEMICAL REACTIONS,
METALLOGRAPHY, FILMSy VAPORIZATION (V)

THE CURRENT PHASE OF THE PROGRAM WAS DEVOTED TO
INVESTIGATING THE OXIDATION AND EMISSIVITY OF
IRIDIUM,) THE DIFFUSION OF OXYGEN THROyUGH Z{RCONIA AND
BERYLLIA) THE MECHANICAL COMPATIBILITY OF IRIDIUM

WiTH GRAPHITE, AND THE CHEMJCAL KINET[CS OF THE
CARBOTHERMIC REDUCTION OF ZJRCOnNIA, HAFNIA, AND

THOR[Ae THE EMISSIVITY OF IRIDIUM DETERMINED IN

AIR WAS FOUND TO DECREASE FrROM Q.58 AT 1040 € 7O

Ds50 AT 1600 Ce THE EMISSIVITY N PURE ARGON WAS
ESSENTIALLY CONSTANT AT 0¢3 TO TEMPERATURES OF {760

C AND WAS FOUND TO DECREASE FROM 056 AT 9460 ¢ TO
De43 AT 1850 C IN AN OXYGEN=HELJUM MIXTURE,

JR203 1S INDICATED AS A VOLATILE OXIDE SPECIES OF
IRIDIUM AT 1150 TO 1200 C. METHODS OF DEPOSITING
IRIDIUM ON GRAPHITE HAVE BEEN INVESTIGATEP, THESE
INCLUDE ELECTRODEPOSITION; SLURRY DIPPING AND VAPOR
DEPOS]TIONe THE TENSILE STRENGTH OF

ELECTRODEPOSITED IRIDIUN WAS FOUND TO BE 24,600 LBSY/
SW/IN WHICH COMPARES REASONABLY WELL wiTH THE VALUE

OF 26,700 LBS/SQ/IN FOR WROUGHT JRIDIuMe {AUTHOR)

(V)

63

LOCKHEED PALO ALTO RESEARCH LABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFT CORPORATION
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AUu=459 52
SOUTHERN RESEARCH INST BIRMINGHAM ALA

DETERMINATION OF THE EMITTANCE QF A CHAR CAKE, {u)
DeSCRIPTIVE NOTES FINAL REPTas
AUG 62 16P ENGELKE'WILFRED Te IPEARS,
Co Do 1§

REPTe NQOo 5465miy}9=1

UNCLASSIFIED REPORT
NOFORN .
SUPPLEMENTARY NOTE: SUBCONTRACT TO HERCULES POWDER
COey CONTRACT NORD}6640

DeSCRIPTORSE (*GRAPHITE, EMISSIVITY)» (®EMISSIVITY,
GRAPHITE)y MEASUREMENT, THERMAL PROPERTIES,; REFRACTORY
MATERIALS, CARBON, THERMAL RADJATION, LABORATORY
EQUIPMENTy THERMOCOUPLES, RADIOMETERSs» HIGHaTEMPERATURE
RESEARCH ' (V)

IDENTIFJERS] CHAR CAKE (V)

THE EMITTANCE OF A CHAR CAKE wAS DETERMINED FROM

500 7O 3600 Fe¢ THE VALUES RANGED FROM Qe92 AT

500 F TO 097 AT 3600 Fo SOME DIFFJCULTIES

WERE ENCQUNTERED DURING THE PROGRAMe THE MATERIAL-
COMPLETELY D]SAPPEARED, APPARENTLY FROM VAPORJZATION
IN THE TEMPERATURE RANGE OF 330p TOo 3700 F,
THEREFORE, EMITTANCE VALUES To 5000 F, AS

ORIGINALLY PROPOSED, WERE NOT OgTAINED. ALSO, MORE
DATA SCATTER THAN USUAL &WAS OBTAINED DUE To
DIFFICULTIES OF OBTAINING AN EVEN SURFACE TEMPERATURE
OVER THE SPECJMENe THE TEMPERATURE VARIED BY AS

MUCH AS 200 Fo APPARENTLY: THE MATERIAL HAD A

LOW THERMAL CONDUCTIVITY AND A VARIABLE STRUCTURE Sg
THAT TEMPERATURE GRADIENTS LARGER THAN NORMAL FOR
GRAPHITES WERE DEVELOPEQe. (AVUTHQR) (u)
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AD=426 bbb
11T ReSEARCH INST CHICAGO JLL
RESCARCH ANV DEVELOPMENT ON ADVANCED GRAPHITE
MATERIALSe VOLUME XX1e CARBON ARC IMAGE FURNACE
STUDIES OF WRAPHITE, ' :
NOV 63 4epP NULLsMeRoe S LOZIER  WoaWel
CONTRACT! AF33 616 6918
PROJ: 73501
TASK: TASKS 735002},738102
MONITOR: WADD TR&) 72¢ VOLe 2}

(V)

UNCLASSIFIED REPORT

SUPPLEMENTARY NOTE: REPORT ON REFRACTORY INORGANIC
NON=METALLJC MATERIALS,

DESCRiPTORS: (eCARBON, REFLECTION), (#GRA PHITE,
REFLECTION), EMISSIVITY, HIGH=TEMPERA TURE
RESEARCH, PYROLYTIC GRAPHITE, HEATING, COOLING,
POLARIZATION, LABORATORY FURNACESs SURFACE
TEMPERATURE, PHYSICAL BROPERTIES, THERMAL
CONDUCTIVITYs SURFACE PROPERTIES, IMAGES,

SUBLIMATION, OXIDATION, MATHEMATICAL ANALYSIS, (V)
IDENTIFIERSY CARBON ARC IMAGE FURNACE, SPEC TRaL
REFLECTANCE; 1963 (V)

MEASUREMENTS OBTAINED USING A CARBON ARC IMAGE
FURNACE INDICATE THAT THE SPECTRAL REFLECTANCE AND
EMISSIVITY OF CAR3ON AND GRAPHITE SAMPLES IN THE
VISIBLE REGION OF THE SPECTRUM ARE STRONG LY
DEPENVENT ON SURFACE FINISH, BUT ARE INDEPEN DENT OF
TEMPERATURE TO AT LEAST 3000 K, REGARD LESS OF
SURFACE FINISHe DESCREPANCIES WITH OTHER

MEASUREMENTS OF EMISSIVITY ARE INDICATED TO BE CAUSED
BY ERKORS IN THE MEASUREMENT OF SURFACE TEMPERATURE,
DUE TO THERMAL GRADIENTS. INFOR MATION HAS BEEN
OBTAINED #ITH THE CARBON ARC IMAGE FURNACE

INDICATING THAT THE THERMAL CON DUCTIVITY OF SURFACE
MATEEPENDS STRONGLY ON SURFACE FINISH AND IS SMALLER
THAN THE CON DUCTIVITY OF SUBSTRATE MATERIAL,.
(AUTHOR) (V)
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AO=297 Y46
GENERAL ELECTRIC ¢cO CINCINNATI OHJO
CARBONIZATION OF PLASTICS AND REFRACTORY MATERIALS

RESEARCH . {u)
JAN 63 1y COFFMANy;JeAo iKIBLER)GoMal
CONTRACT: AF33 616 684} »
MON]TOR: ASD TR6Q 646 P2

UNCLASSIFIED REPORT

DESCRIPTORS) #AROMATIC COMPOUNDS, ®PLASTICS, $REFRACTORY
MATEKIALS, ABSORPTION SPECTRUMs CARBIDES, CARBON,
EMISSIVITY, EPOXY PLASTICSs GRAPHITE, HAFNIUM COMPOUNDS,
MEASUREMENT, MOLYBDENUM, PHENOLJC PLASTICSs POLYMERS,
PYROLYS]S, SPECTROSCOPY, TANTALUMy) TITANIUM COMPOUNDS(V)

CARBONIZATION OF PLASTICS! THE VAPOR PRESSURE OF
REFRACTORY MATERJALS! AND THE SPECTRAL EMISSIVITY oOF
REFRACTORIES
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b gﬁvoﬂT BIBLIOGKAPHY SEARCH CUNTROL NO., BY45506

Av=2706 Yé5u i
WATER POLLUTION RESEARCH BOARD WATFORD (ENGLAND)
THE SPECTRAL EMISSIVITY AND TOTAL NORMAL EMISSIVITY
CF COMMERCIAL GRAPHITES AT ELEVATED TEMPERATURES (V)
MAY b2 3V GRENISsALBERT FelLEVITTIALBERT Pl
REPTe NUs TRE5)] 2 |

UNCLASSIFIED REPORT

DESCRIPTORS) ®GRAPHITE, ATOMIC SPECTROSCOPY, BLACKBODY
“ADIATION, DETERMINATION, ELECTROMAGNETIC WAVES,
MISSIVITY, GUIDED MISSILES, HIGH=TEMPERATURE RESEARCH,
AEASURSEMeNTs NUCLEAR POWER PLANTS, OPTICAL INSTRUMENTS
FYROLYSISy PYROMETERSs RADJATION MEASUREMENT SYSTEMS
COMPGNENTS,; ROCKET PROPULSIONy STRUCTURESs SURFACE
PROPERTIES, SURFACES, TEMPERATURE, THERMAL RADIATION (V)

THE SPECTRAL EMISSIVITIES, AT AN EFFECTIVE
WAVELENGTH OF 0,65 MICRONS, AND TOTAL NORMAL
EMJISSIVITIES, WERE OETERMINED FOR MACHINED AND
POLISHEyY SURFACES OF THE GRAPHITES GREAT LAKES.
CARBON rlLM AND H3LM, AND SPEER 7]100. ‘

THE SPECTRAL EMISSIVITIES WERE INVESTIGATED WITHIN
1000 TO 3000 Ceo FQR MACHINED SURFACES, THE
SPECTRAL EMISSIVITY DECREASED WITH INCREASING
TEMPERATURE FROM 0+87 TO 0481 FOR HILMI FROM 0,87
TO 0,83 FOR H3LMi AND FROM D+87 TO 0478 FOR
SPECRe FOR POLISHED SURFACESs THE SPECTRAL
EMISSIVITY REMAINED CONSTANT WITH INCREASING
TEMPERATURE AND THE MEAN VALUE WAS 0,855 FOR
HiLmj 0,777 FOR H3aLM! AND 0.820 FOR SPEER

7100, THE TOTAL NORMAL EMISSIVITIES WERE
INVESTIGATED FROM 1600 TO 3000 C+ FOR MACHINED
SURFACES, THE MEAN VALUE OF THE TOTAL NORMAL
EMISSIV]TY WAS 0e852 FOR HILMi 0s852 FOR-

H3LMi; AND 0«847 FOR SPEER 7100s FOR POLISHED
SURFACES, THE MEAN VALUE OF THE TOTAL NORMAL
EMISSIVITY wAS 00802 FOR HILMI 0+808 FOR -

HaLMi AND 04800 FOR SPEER 7100, (AUTHOR) (U)

S — -
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AU=b660 B892 1172 20/13 ,
AEROSPACE CORP EL S&kGUNDO CALIF LAB OPERAT]ONS
BASAL PLANE EMITTANCE OF PYROLYTIC GRAPHITE AT
ELEVATED TEMPERATURES, (V)
JUL &7 Y446P CHAMPETIERsROBERT Jo | .
REPTs NOe TR=D158(3250=20)~1Q
CUNTRACT: FO4695-67=C=0158
MONITURS SAMSO TR=67=5

UNCLASSIFIED REPORT

DESCRIPTORS: (ePYROLYTIC GRAPHITE, EMISSIVITY),
THERMAL PROPERTIESs TEMPERATURES
RESISTANCE(ELECTRICAL), THERMAL CONDUCTIVITY (V)

A DIRECT MEASUREMENT OF THE ToTalk HEM]SPHERJCAL
EMITTANCE OF ®AS DEPOSITED®' PG LAYERS ON ATJ

GRAPHITE CYLINDERS IN THE RANGE FROM }200 TO 2840¢

1S DESCRIBED, THE METHOpD CONS]STED OF RESISTIVELY
HEATING THESE LONG) THIN CYLINDERS INSIDE A COOLED,
BLACKENED ENCLOSURE UNTJL THE POWER GENERATED WAS ALL
RAVIATED AND TEMPERATURE eQUILIBRIUM ENSUEDe BY
SIGHTING AN OPTICAL PYROMETER THROUGH A WINDOW IN THE
ENCLOSUREs THE APPARENT TEMPERATURE OfF THE SURFACE
AND THE TRUE TEMPERATURE OF A CAVITY INSIODE THE
SAMPLES COULD BE MEASUREDe THESE TEMPERATURES, AS
NELL AS THE ELECTRICAL POWENR SUPPLIED TO THE SAMPLE,
WERE RECORDED FOR EACH eQUILIBRIUM TEMPERATURE,

THESE DATA FOR VARIUUS SAMPLE THICKNESSES WERE USED
T0 DETERMINE THE TRUE TEMPERATURE OF THE SURFACE, THE
TOTAL HEM]SPHER]CAL EMITTANCE, EPSJLON=H, AND THE
NORMAL EMITTANCE AT 0Oe65 MJCRONSe THE ELECTRICAL
RESISTIVITY IN THE AB=PLANE AND THE THERMAL
CONDUCTIVITY [N THE C=DJRECTION WERE ALSO DETERMINED
THE EPSILON=H FOR PG WAS APPROXJMATELY 0Ueb

MICKRONS FROM 1300 TO 2600C. ExPUSURE FOR A FEW
SECONDS [N AN INERT ATMOSPHERE OR IN A VACUUM TO
TEMPERATURES ABOVE 2600¢, IRRgVERSIBLY ALTERED THE
SURFACE FINISH AND INCREASED EPSILON=H TO
PROGRESSIVELY HIGHER VALUES DEPENDING ON THE TIME AND
TEMPERATUREe THE NORMAL EMITTANCE VALYUES AT 0,65
MICRONS ALSO WERE SIGNIFICANTLY AFFECTEDS

(AUTHOR) ()
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AV=489 597 877 20/13
MiCH]GAN UNIV ANN ARBOR INST QF SCJENCE AND
TECHANOLOGY
A Alar~TEMPERATURE BLACKBODY RADIATIQN SOURCE ,
SUPPLEMENT 13 SPECTRAL EMISSIVITY OF GRAPHITE, (U}
AUG 66 l9P YAMADA He Yo
REPTe NOo 4613=131=T
CUNTRACT: 5SD=9)

UNCLASSIFIED REPORT
DISTRIBUTION; NO FOREJGN WITHOUT APPROVAL OF
AVVANCED RESEARCH PROJECTS AGENGY, WASHINGTON,
De Co 203216
SUPFLEMENTARY NOTE; SUPPLEMENT } TO REPTe NOs 4613=B6=
T DATED JUN 65, AD=616 758

DESCRIPTORS: (#BLACKBODY RADJATION, ¢GRAPHITE),
eM}SSIVITY, SPECTRA(VISIBLE ¢ ULTRAVIOLET),

PYROLYTIC GRAPHITE, HIGH»TEMPERATURE RESEARCH,
SPECTRA(INFRARED), RADIATORS, HIGH=TEMPERATURE

RESEARCH (V)

THE SPECTRAL EMISSIVITY OF GRAPHITE WAS FOUND TO BE
ESSENTIALLY INDEPENDENT OF TEMPERATURE AT LAMBDA =

0e65 MICRONS IN THE RANGE 1000 70 2000 C AND TO BE

BUTH wAVELENGTH AnND TEMPERATURE DEPENDENT IN THE
WAVELENGTH REGION D065 < LAMBDA = OR < 5¢5 MICRONS

AND TEMPERATURE RANGE 1000 TO 1600 Ce THE

CONCLUSION DRAWN IS THAT GRAPHITE CAVITY RADIATORS
wHlCH ARE EVALUATED TO BE GoOD slLACKBQDY

APPROXIMATIONS IN THE V)]SIBLE WiLL BE AS 600D OR

BETTER IN THE INFRAREDe (AUTHOQR) {u)
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- XT70-70037 AD-838619L RR-295 DA~01-021-AMC-1200
5 ARPA ORDER 525 68,/07,/00 UNCLASSIFIED DOCUMEN
T NASA ONLY '

Spectral emissivity measurements of ablating ph
enolic graphite

A/CHANG, J. H.; B/SUTTON, G. W.

AVCO~-EVERETT RESEARCH LAB., EVERETT, MASS.

/*¥ABLATION/*EMISSIVITY/*GRAPHITE/*OPTICAL MEAS
UREMENT/*SPECTRAL REFLECTANCE/ COOLING/ GRAPHS (CH
ARTS) / HMATHEMATICAL MODELS

ATO0-15590%% ISSUE 4 PAGE 787 CATEGORY 33 6
S/11/00 UNCLASSIFIED DOCUMENT ‘

Spectral and integrated emittance of ablation c¢
hars and carbon

(Ablation chars, carbon and graphite spectral e
mittance and reflectance as function of wavelength
and temperature, noting applications: to atmospher
ic entry heat shielding)

A/SPITZER, Ce R.3; B/WILSON, R. G. (AA/NASA,
LANGLEY RESEARCH CENTER, HAMPTON, VA./.)

AIAA JOURNAL, VOL. 7, P. 2140-2142.

/*ABLATIVE HMATERIALS/*CARBON/*CHARRING/*SPECTR
AL ENI55I0ON/%SPECTRAL REFLECTANCE/ EMITTANCE/ GRAP
HITE/ REENTRY SHIELDING/ TEMPERATURE EFFECTS/ HAVE
LENGTHS
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Concerning the emittance and absorptance of high
temperature gases encountered during atmospheric

reentrys.
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A69-31892%# ISSUE 16 PAGE 2877 CATEGORY 33
NGL-01-002-~001 69,/04,/00 UNCLASSIFIED DOCUMENT

Radiative heat flux for an optically thin gas.
(Approximate expression for temperature depende
nt radiative heat flux in optically thin gas, cons
idering reentry body hypersonic flight)
A/WU, S. T, (AA/ALABAMA, U., HUNTSVILLE, ALA.
/) ’ :
AIAA JOURWAL, VOL. 7, P. 727, 728.
/*GAS DENSITY/*¥0PTICAL THICKNESS/*RADIATIVE HE
AT TRANSFER/*TEMPERATURE EFFECTS/ DENSITY DISTRIBU
TION/ HYPERSONIC PLIGHT/ REENTRY VEHICLES/ TEMPERA
TURE DISTRIBUTION/ THERMODYNAMIC EQUILIBRIUH

A09-252334, ISSUE 11 PAGE 2002 CATEGORY 33
69/02/00 UNCLASSIFIED DOCUMENT

Problems associated with radiant heat transfer
in hypersonic aerodynamics ‘

(Radiant heat transfer in hypersonic-aerodynanmi
¢ heating, discussing radiant flux and carbon diox
ide concentration in reentry problens)

A/KONKOV, As A.; B/NGILAND, V. IA.; C/NIKOLAE
v, V. M.; D/PLASTINLN, iIU. A.

TEPLOFIZIKA VYSOKIKH TEMPERATUR, VOL. 7, P. 14
0~-164. IN RUSSIAN.

/*AERODYNAMIC HEATING/*HYPERSONIC REENTRY/*RAD
IATIVE HEAT TRANSFER/¥REENTRY VEHICLES/ CARBON DIO
XIDE CONCENTRATION/ CONVECTIVE HEAT TRANSFER/ FLUX

DENSIYY/ HYPERSONIC FLIGHT/ MARS ATHMOSPHERE/ STAG
NATION POINT .

NO3-18510% - ISSUE 17 CATEGORY 7 63700700 Uy
CLASSIFLED DOCUMENT
(Spcctral emittance of carbon dioxide at high t
emperature)
A/OPPENHEIM, U. Po.
ISRAEL INST. OF TECH., HAIFA.
ISRAEL INST. OF TECH., HAIFA SPECTRAL EMISSI
VITY OF THE 4.3 MU CO SUB 2 BAND AT 1200 DG K U.
P. OPPENHLIM IN NINTH SYMP. /INTEKN./ ON COMNBUST.
¢ CORNELL U., ITHACA, N.Y., AUG, 27 - SEPT. 1, 196
2 1963 P 96-101 20 REFS /SEE N63-18501 17-26¢/
/*¥CARBON DIOXIDE/*HIGH TENPERATURE RESEARCH/*S
PECTRAL EMISSION/ ENISSIVITY/ GAS/ HIGH TEMPERATUR
E/ INFRARED/ PRESSURE/ RADIATION/ SPECTRUN
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N63-15321%#%#  ISSUE 12 CATEGORY 29  ARF-A200-4
NASR-65/00/ 63/03/00 UNCLASSIFIED DOCUMENT

(Radiative enerqgy transfer on entry into mars a
nd venus - emissivity of carbon dioxide at high te
mperature). ;

A/DAVIS, We. O,

II1T KEBESEARCH INST., CHICAGO, ILL.

ARAQUR RESEARCH FOUNDATION, CHICAGO, ILL. RA
DIATIVE ENZRGY TRANSFER ON ENTRY INTO MARS AND VEN
USQUARIERLY REPORT NO. 4 WILLIAM O. DAVIS MAR. 196
3 33P 16 REFS /NASA CONTRACT NASR-65/00// /ARF-A
200~-4/ OTS- $3.60 PH, $51.34 MF )

/*CARBON DIOXIDE/*EMISSION/*ENERGY TRANSFER/*H
IGH TEMPERATURE/*MARS /PLANET//*RADIATIVE HEAT TRA
NSFER/*VENUS/ ABSORPTION/ CONCENTRATION/ BEMISSIVIT
Y/ ENERGY/ GAS/ HEAT TRANSFER/ MARS/ MEASUREMENT/
MOLECULL/ PLANET/ PRESSURE/ RADIATION/ SHOCK/ TEST
/ TRANSFER/ WAVE

——————

No2-11838% - ISSUE 6  CATEGORY 11  AFOSR=1901
AF 49/638/-984 62702706  UNCLASSIFIED DOCUMENT

(Radiative transfer and opacity of heated gases

A/PATCH, R W.; B/PENNER, S. S.

CALIFORNIA INST. OF TuCH., PASADENA. (GUGGENH
EIM JET PROPULSION CENTER)

 GUGGENHEIM JET PROPULSION CENTER, CALIF. INS

T. OF TECH., PASADENA. RADIATIVE TRANSFER STUDIES
AND OPACITY CALCULATIONS FOR HEATED GASES. TECHNIC
AL REPORYT 6. S. S. PENNER AND R. W. PATCH. JAN. 1
962. 45 P. 28 REFS. /AFOSR-1901/ /CONTRACT AF 4
9/638/-984/

/*GAS/%¥GAS SPECTROSCOPY/*HEATING/*PLASMA/*RADI
ATION TRANSFER/*SPECTROSCOPY/ ABSORPTION/ ATOM/ AT
OMIZER/ COEFFICIENT/ COMPUTATION/ CONE/ CONSERVATI
ON/ CONVECTION/ EMISSION/ EMISSIVITY/ EQUATION/ EX
CHANGER/ HEAT/ HEAT TRANSFER/ HIGH TEMPERATURE/ IO
N/ IS50LATOR/ LAYER/ MOMNENT/ NOSE/ PLANCK EQUATION/

RADIATION/ RAYON/ REENTRY/ ROSSELAND ABSORPTION C
OEFFICIENT/ SHOCK/ SILENCE/ SPACECRAFT/ SPECTRUM/
TEMPERATURE/ THERMODINANICS/ TRANSFER/ TRANSOSONDE

PROJECT/ TRANSPARENCY/ VEHICLE
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XoU4-12200%#. . ISSUE 6 CATEGORY 1 NASA-CR-55494

NAS4d~T748 64,01/00 UNCLASSIFIED DOCUMENT G
OVT. AGCY. ONLY

Research in the physics of high speed re-eantry
guarterly progress report, 31 dec. 1963

(Reentry physics - heat transfer, radiation in
carbon dioxide mixtures, shock front temperature s
easuremnents, and magnetohydrodynamics)

AVCO-EVERETT RESEARCH LAB., EVERETT, MASS.

JAN. 1964 11 P v

/¥UAGNETOHYDRODYNAMICS/*RADIATIVE HEAT TRANSFE
R/*REENTRY PHYSICS/%SHOCK TFRONT/ CONVECTION/ FRONT
/ HEAT/ MEASUREMENT/ PHYSICS/ RADIATION/ REENTRY/
SHOCK/ TEMPERATURE/ TRANSFER
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GROUP 5

Concerning measurement methods for high temperature

and material emittance determinations.
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oDC REPORT 3JBLIOGRAPHY SEARCH CONTROL NU. 0455]8

AD=gé64 774 1472 20713

DUNN ASSOCIATES INC SILVER SPRInG MDe

FEASIBILITY OF THERMAL RADIATIVE PROPERTY

MEASUREMENTS UNDER SEIMULATED REENTRY

CONDITIONS. (V3

DESCRIPTIVE NOTES FINAL REPTey

JUN 69 83P KNEISSLIGERHART Jeo [KAY,
RICHARD Bs ¢ :

CONTHACT: FIAI6lb=bB8=C~1420
PROU: AF=7381
TASKn: 738102
MONITOR: AFML TR=69=2238

UNCLASSIFJED REPORT
DISTRIBUTIONS: NO FOREIGN WITHQUT APPRQVAL OF
DIRECTOR, AJR FORCE MATERJALS LABey ATTN}
MAAMe WRIGHT=PATTERSON AFB, OHIO 45433,

DESCRIPTORS: (#ATMOSPHERE ENTRY» SIMULATION},

(eHEAT SHIELDOS, THERMAL RADIATION)y (®*THERMAL

RAUIATION, MEASUREMENT), SIMULATION, PLASMA

SHEATHy STAGNATION POINT, ENTHALPY, EM[SSIVITY,
MATHEMATICAL ANALYSISe FEASIBILITY STUDIES (V)

THE FEASIBILITY OF PERFORMING THERMAL RADIATIVE
PROPERTY MEASUREMENTS UNDER SIMULATED REENTRY
CONDITIONS 1S INVESTIGATED. IT }S ASSyUMED THAT AN
ACCEPTABLE SIMULATION WQULD BE A PLASMA WHICH
PROVIDED ESSENTIALLY THE SAME STAGNAT]ON PQINT
ENTHALPY AND PRESSURE AS ACTUALLY ENCQUNTERED DURING
REENTRYe BASED ON TYPICAL MEDIUM L/D AND

TYPICAL HIGH L/D FLIGHT PROFILES THE RADIATIVE
CHARACTERISTICS OF THE PLASMA AND THE HEATED REENTRY
SURFACE ARE ESTIMATEDe. THEN THE THEORETICAL '
POSSIBILITIES ARE EXPLORED TO OsTAIN THE TOTAL
WEMISPHERICAL EMITTANCEs A LITERATURE SURVEY S
UNDERTAKEN TO FIND MEASUREMENT TECHNIQUES FOR H]GH
TEMPERATURE THERMAL RADJATIVE PROPERTIESe FINALLY,

AN EXPERIMENTAL PROCEDURE IS DESCRIBEpD TO DETERMINE
THE TOTAL HEMISPHERICAL EMITTANCEe THE MAIN SOQURCE

OF ERRORS) THE UNCERTAINTY [N THE SURFACE TEMPERATURE
MEASUREMENT IS DISCUSSEDe WAYS TO MINIMIZE THIS
PROBLEM ARE ALSO GIVENe (AUTHOR) (V)
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0DC REPORT B]BLIOGRAPHY SEARCH CUNTROL NOs U455)}s

AD=354 429 le/3
WINLZEN RESEARCH INC SOUTH ST PauL MINN .
THE COMPUTATION OF SURFACE TEMPERATURE oF A RE=ENTRY ,
VEH]ICLE FROM OBSERVED SPECTRAL INTENSITIES (V)
DESCRIPTIVE NOTES INTERIM REPTe,y 1 OCT 63=30 SEP 64,
0CT 64 84P LISTON:DARRELL He ILOTZE>
HERBERT Rs
REPTe NOUo TR64 4
PROJ: 627A

SCP 4 CONFIVENTIAL REPORT
SUPPLEMENTARY NOTE?

DESCRIPTORS: (eREENTRY VEHICLES, SURFACE TEMPERATURES),
THERMAL RADIATIONs INTENSITY, ABLATION, EMISSIVITY,
CYLINDRICAL BODIES, CONICAL BODJES, SPHERES, PROGRAMMING
{(COMPUTERS)y ITERATIVE METHODS, LEAST SQUARE METHOD,
MEASUREMENT : (V)

SOME PHYSICAL ASPECTS INVOLVED WITH THE SURFACE

RADIATION OF A REENTRY VEHICLE ARE REVIEWED AND

APPLIED TO SET UP THE FORMULAS FOR DETERMINING THE

TEMPERATURE FROM OBSERVED SPECTRAL INTENSITIES

THE MISSILE GEOMETRY |S ASSUMED TO BE KNOWN FROM

SPECIFICATIONS FOR THE REENTRY EXPERIMENTS AND IS

USED TO FORMULATE THE ASPECT ANGLE EFFECT FOR

DIFFERENT BODY SHAPES AND TO INTERPKRET THE OBSERVED

INTENSITIES QUANTITATIVELYe IN THIS RESPECT THE

APPROACH 1S DIFFERENT FROM KNOWN TECHNIQUES WHICH ARE

USEFUL FOR DISCRIMINATING VARIOUS RADJATOR TYPES AND

WAICH WERE BASED ON THE CONCEPT OF THE EFFECTIVE GRAY

BODY TEMPERATURE AND OF THE EFFECTIVE EMISSIVITYw

AREA PRUDUCTe WITH THE ADDITIONAL INFORMATION OF

8ODY OIMENSION, AgLATION TEMPERATURE AND EMISSIVITY

FUNCTION, IT IS P0OSSIBLE UNDER CERTAIN CONDITIONS TU

RECUVER FROM OBSERVED RADJATION DATA THE ACTUAL

TCMPERATURE AS A FUNCTION OF SURFACE DISTANCE. A

STRAJGHT LINE PROFILE SEEMS TO B8E AN ADEQUATE

APPROAIMATION IN PRACTICAL CASESe THE FEASIBILITY

OF METHODS 1S STUDIED WHICH CAN BE USED FOR THE

EVALUATION OF 2, 3 OR N OBSERVED INTENSITIES,

ACTUAL COMPUTER PROGRAMS APPLYING THESE METHODS ARE

DISCUSSED AND IT 1S INVESTIGATED HOW ERRORS IN THE

INPUT DATA PRQPAGATE INTO THE COMPUTED VALUES OF

TEMPERATURE AND TEMPERATURE GRADIENT. (AUTHOR)

(V)
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OOC REPORT BIBLIOGRAPHY SEARCH CONTROL NO, 0455(¢

AD=2723 66%

AERONAUTICAL SYSTEMS DIV WRIGHT=-PATTERSON AFB8 OHIO
LABORATORY TECHNIQUES FOR STUDYING THERMALLY ABLATIVE

PLASTICS 4 (v
v SCHWARTZ HERBERT Sel

UNCLASSIFIED REPORT
NOFORN

DESCR{PTORS] ®ABLATION, ®ASBESTOS, *GLASS TEXTILES,

¢PHEWOLIC PLASTICS, *PLASTICSy #SILICONE PLASTICS,
BLACKBODY RADIATION, DECOMPOSITION, EMISSIVITY, GUIDED
MISSILES, LAMINATES, MATERIALSy MECHANICAL PROPERTIES,
PYROLYSISs REENTRY VEHICLES, ROCKET MOTOR NOZZLES,
KOCKET MOTORS, TEST METHODS, THERMAL DIFFUSION, THERMAL
INSULATION, THERMAL RADIATION (U}

THE UTILIZATION OF PLASTIC ABLATIVE=INSULATIVE
MATERJALS IN RE=ENTRY AND PROPULSION ENVIRONMENTS AND
THE FACTORS GOVERNING THEIR PERFORMANCE ARE BRIEFLY
DESCRIBEDs THE PERTINENT MATERIAL RESPONSE
CHAKACTERISTICS ARE SEPARATED INTQ 3 MAJOR
CATEGURIES! THERMALs CHEMICAL, AND PHYSICAL~
MECHANICALe LABORATORY PROCEDURES FOR OBTAINING
MATERIALS BEHAVIOR INFORMATION [N EACH OF THESE
CATLGORIES ARE DESCRIBEDe .THEY INCLUDE TECHNIQUES

FOR DETERMINING SURFACE TEMPERATURE AND EM]SSIVITY

IN HOT @AS STREAMS? MOLECULAR WEIGHT AND CHEMICAL
IDENTITY OF GASEOUS PYROLYSIS PRODUCTS! WEJIGHT
FRACTIONS OF GASEOQUS AND RESIDUAL SOLIDS FRUM
PYROLYZED PLASTICSY HEAT OF DECOMPOSITION OF
PLASTICS: APPARENT THERMAL DIFFUS]IVITY AND THERMAL
INSULATING CHARACTERISTICS} MECHANICAL PROPERTIES AND
CELL STRUCTURES AWD OTHER PHYSICAL CHARACTERISTICS OF
RESIDUAL CHARS FROM PYROLYZED PLASTICS. SELECTIVE
EMPHASIS OF INFORMATION OBTAINED FROM LABORATORY
STUDIES FOR USE IN PREDICTING MATER[ALS PERFORMANCE
IN RE=~ENTRY AND PROPULSION ENVIRONMENTS IS DISCUSSEDs
{AUTHOR) (u)
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00DC REPORT BIBLIOGRAPHY  SEARCH CONTROL NO. 045518

AD=363 567 16/402 1673 1172 1177
b1/79 20713
AVCO CORP WILMINGTON MASS RESEARCH AND ADVANCED
DEVELUPMENT D1V
ABSULUTE MEASUREMENTS OF RADIATION FROM ABLATING

SURFACES tu)
DESCRIPTIVE NOTE: TECHNICAL MEMO4,
APR &) 11P RECESS0,Je 1|

REPTe NOo RAV=9=TMuE9"42
CONTRACT! AFUY 647 305
PROJ WS107A2

SCP 4 CONFIUENTIAL REPORT

79

LOCKHEED PALO ALTO RESEARCH LABORATORY
LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFY CORPORATION

%



DUC REPORT BIBLIOGRAPHY SEARCH CONTROL NO. B45506

AU=GH49 694 1472 20/13 1172
NATIONAL BUREAU OF STANDARDS wASHINGTON D ¢
PROCEOURES FOR THE PREC|SE DETERMINATION OF THERMAL
RADIATION PROPERTIES - ()

DeSCRIPTIVE NOTES TECHNICAL REPT, FOR | NOV 64=3} o0CT
65 )

) AUG 66 8gP RICHMOND yJds Co IKNEISSL G
Jo IKELLEY) Do ke (KELLY Fo o |

REPTe NOeo NBSaTN=292

PROJS AF=7381

TASK 738106

MUNITOR: AFML TR=646=302

UNCLASSIFIED REPORT
HARD COPY AVAILABLE FROM SUPERINTENDENT OF DOCUMENTS
GPOy, wASHINGTON, De Co 20402 50,50,
SUPPLEMENTARY NOTES REPTe ON PROJSe 'MATERIALS
APPLICATIONSY AND 'DESIGN I[NFORMATION DEVELOPMENTe?

DESCRIPTORS: (#THERMAL RADIATION, MEASUREMENT),
(#REFKACTORY MATERIALS, THERMAL RADIATION)
METERS, INSTRUMENTATION, LASERSy REFLECTOMETERS,
CERAMIC MATERIALS, TEST METHODS : (V)
ThE BROAD OVERALL OBJECTIVE OF THIS CONTINUING
PROGRAM ]S TO DEVELOP EQUIPMENT AND PROCEDURES FOR
MEASURING THE IMPORTANT THERMAL RADIATION PROPERTIES
OF MATERJALS, PARTICULARLY THQOSE USED IN A[RCRAFT,
MISSILES AND SPACE VEHICLES, AT TEMPERATURES uUP TO
THE MELTING POINT OF THE MOST REFRACTORY MATERIAL,

AND TO DEVELOP PHYSICAL STANDARPS FOR CHECKING SUCH
EWUIPMENT AND PROCEDURESes DURING THE PERIOD
COVERED BY THE REPORT THE SPECIFIC OBJECTIVES WERE
(1) CONTINUED DEVELOPMENT OF THE LASER=SOURCE
INTEGRATING SPHERE REFLECTOMETER, (2) AN ERROR
ANALYSIS OF THE SHALLOW CAV[TY TECHNIQUE FOR
MEASURING NORMAL SPECTRAL EMITTANCE, AND (3) A
STUDY OF THE FEASIBJLITY OF PREPARING EMITTANCE
STANDARDS FOR USE AT TEMPERATURES ABOVE ]400K
(ABOUT 2000F)s AN ERROR ANALYSIS OF THE
SHALLOW CAVITY TECHNIQUE FOR MEASURING TOTAL NORMAL
EMITTANCE OF CERAMIC MATERIALS AT VERY HIGH
TEMPERATURES SHOWED THAT THERE wAS AN ERROR DUE To
ThE TRANSLUCENCY OF THE SPECIMENS THAT WAS AS MUCH AS
+60% FOR ALUMINA, AND A SECOND ERROR DVE TO
THERMAL GRADIENTS IN THE SPECIMEN THAT WAS ON THE
OKDER OF =10%es TWO NEW TECHNIQUES WERE DEVISED
IN THE HOPE OF GREATLY REDUCING THE TRANSLUCENCY
ERRORe PROGRESS WAS MADE [N DEVELOPING CODES TO.
COMPUTE AND CORRECT FOR THE THERMAL GRADIENTS PRESENT
IN THE SPECIMEN. THE LASER=-SOURCE INTEGRATING
SPHERE REFLECTOMETER FOR MEASURING REFLECTANCE OF (V)
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woC REPORT BIBLIOGRAPHY SEARCH CONTROL NUe. B45506

V=627 139 1172 22/2 1173
11T RESEAKCH INST CHICAGO ILL
EVALUATION OF THERMAL PROTECTIVE SYSTEMS FOR ADVANCED
ALNOSPACE VEHICLESy VOLUME [ (V)
LeSCRIPTIVE NOTES INTERIM SUMMARY REPT,y SEP 62=DEC
63 .
APR 45 259P CHRISTIAN We Jy $BLITONyJo Lo
DaLLY Je We JHEDGEsdJoe Co iHIRSCHHORNIHe Jo |
CuNTRACT: AF33(657)~9407 L
PrOJs AF=651G
MUNITORS AFML TOR=64=204=VOL™}

UNCLASSIFIED REPORT
SUPPLEMENTARY NOTE: SEE ALSO AD=627 140

OLSCRIPTORS: (#AEROSPACE CRAFT, THERMAL INSULATION),
(eREFRACTORY MATERIALS, AEROSPACE CRAFT)
COMPATIBILITY, THERMAL PROPERTIES, MECHANICAL
PRGPERTIES, CERMETS, THERMAL CONDUCTIVITY,
REFRACTORY COATINGS, PLASMA MEDIUM, FLAME
SPRAYING, THERMAL RADIATION, THERMAL EXPANS]ON,
LvAPOTRANSPIRATION, ALUMINUM COMPOUNDS, OXIDES,
NJCKELy ZJRCONJUM COMPOUNDS, NICKEL ALLOYS,

CHRUMIUM ALLOYS; MAGNESIUM COMPOUNDSs COOLING,
POROUS METALS, HAFNIUM COMPOUNDS, HlGH=
TeEMPERATURE RESEARCH (V)

THE REPORT CONTAINS SUMMARIES OF: SURYEYS OF THE
LITERATURE ON STRUCTURAL AND DESIGN ASPECTS OF
THERMAL PROTECTION SYSTEMS, ON COMPATIBILITY OF
REFRACTORY MATERIALSy ON THERMAL AND MECHANICAL
PROPERTIES OF REFRAGTORY MATERIALS, AND ON METHODS
FOR MEASURING EMITTANCE OF MATERIALS AT HIGH
TEMPERATUREe EXPERIMENTAL DETERMINATION OF THE
THERMAL CONDUCTANCE OF PLASMA SPRAYED COATINGS OF
ALUMINA=NICKEL AND ZIRCONIANICHROME TYPESe
MEASUREMENTS OF TuTAL NORMAL EMITTANCE OF MATERIALS
IN AN OXIDIZING ATMOSPHERE AT TEMPERATURES OF 1000 TO
400F, EXPERIMENTAL INVESTIGATIQNS OF THE EFFECTS

OF COMPOSITION ON THE THERMAL EXPANSIOoN AND TOTAL
NORMAL EMITTANCE OF ZIRCONIA AND MAGNESIAe

ANALYTICAL AND EXPERIMENTAL STUDIES OF THE GENERAL
CHARACTERISTICS AND WEIGHT REQUIREMENTS OF
TRANSPIRATION CQOLED NOSE CAPS USING pOROUS METAL
SURFACES. (AUTHOR) (V)
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AU=627 140 1172 22/2 1176 1173
11T RESEARCH INST CHICAGO ILL

EVALUATION OF THERMAL PROTECT(VE SYSTEMS FOR ADVANCED

At ROSPACE VEHICLESe VOLUME [1: APPENDICES.
VESCRIPTIVE NOTE: INTERIM SUMMARY REPT,, SEP 62-DEC

63 .

APR 65 579P CHRISTIAN)We Yo iBLITON Je Lo

{0ALLY s We [HEDGEJo ColHIRSCHHORNIHe Jo |
CUNTRACT AF33(657)=9407
ProJi AF=6516
MUNITOR: AFML TOR=64=204=V0L=2

UNCLASS{FIED REPORT
SUPPLEMENTARY NOTE: SEE ALSO AD=627 (39

UESCRIPTORS: (#AEROSPACE CRAFT, THERMAL INSULATION),
(eKEFRACTORY MATERIALS, AEROSPACE CRAFT), TABLES,
GRAPHICS) ALUMINUM COMPOUNDS, OXJDES), BERYLLIUM
COMPOUNDS, HAFNIUM COMPOUNDS, THQRIUM COMPOUNDS,
AAGNESIUM COMPOUNDS, SPINELS, ZIRCONIUM COMPOUNDS,
N]TRIDESs CARB}DES, BORJuES, TEST EQUIPMENT,

TEST METHODS, BRITTWLENESS, MOLYBpDENUM COMPOUNDS,

SILICIDESy GRAPHITE, NIOBIUM, MOLYBDENUM,

TanTALUMy TUNGSTEN, REFRACTORY METAL ALLOYS,
REFRACTORY METALS, THERMAL PROPEKTIES»
AECHANICAL PRQPERTIES) THERMAL CONDUCTIVITY,

THERMAL RADIATION, THERMAL EXPANS]ONs SPECIFIC
nREAT {
CUNTENTS: COMPILATION OF THERMAL AND MECHANICAL
PROPERTIES OF REFRACTORY MATER]ALSE SURVEY OF

METHODS OF MEASURING EMJTTANCE: DESCRIPTION OF
RADJATION MEASURING SYSTEM,.

{
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cOC REPORT BIBLIOGRAPHY  SEARCH CONTRGL NUe« 845504

Av=cl] 945 v
AVEU CORP WILMINGTON MASS RESEARCH AMQ AGVANCED
DeVELOGPMENT OV
EMITTANCE MEASUREMENTS QF SoL}Ds ABOVE 200Q DEG C,
(V)
64 7P LASZLO,Te Se $GANNON4Rs Eo 1
SHEEHANIPe Jo ’
CUNTRACT S AF49 638 1}66 ]
MUNITORS AFOSR 65=0164

UNCLASSIFJED REPORT

SUPFLEMENTARY NOTE: PUBe IN SOLAR ENERGY (U, S,) V8
ivg Plus=11 OCT=DEC 1964 (COPJES NOT AVAILABLE 7O
WDC OR CLEARINGHQUSE CUSTOMERS)e PRESENTED AT THE
SYHPOS[UM ON THERMAL RADJATION OfF SoLIDS, SaN
FRANC]ISCO, CALIFey MAR KHmb,y [ 964,

CLSCRIPTORS: (#THERMAL RADIATION, SOLIpPS), (*SOLIDS,
EMISSIVITY), (wHIGH-TEMPERATURE RESEARCH, THERMAL
KADIATION), SOLAR FURNACES, INSTRUMENTATION, BLACKBODY
RADIATJON, MEASUREMENT,; THERMODYNAMICS {v)

A METHOD OF MEASURING THE EMITTANCE Of SOLIDS ABOVE
2000 DEG C THROUGH THE USE OF A SOLAR FURNACE HAS
3tEN DEVELOPEDs TWO TECHNIQUES JNVOLVING -
SPLCIALIZED [INSTRUMENTATION, FOR PERFQRMING THE
NECESSARY MEASUREMENTS WERE INVESTIGATED. INITIAL
EXPERIMENTS SHOWED THAT B8OTH TECHNJQUES WERE SUJTABLE
AND THAT THE SPECIFIED [NSTRUMENTS WERE ADAPTABLE FOR
MAKING THE REQUIRED MEASUREMENTSe (AUTHOR) tv)
AGY~-41330. ISSUE 23 PAGE 4238 CATEGORY 33 6
9/07/00  UNCLASSIFIED DOCUMENT :

The photographic method for the study of spectr
al emissivity and spectral distribution of radiati
on intensity at high temperatures.

(Spectral emissivity and radiation intensity sp
ectral distribution measurements for heat- resista
nt materials at high temperature, using photograph
ic method)

A/KRUSTALEV, B. A.; B/RAKOV, A. M.

HEAT TRANSFER - SOVIET RESEARCH, VOL. 1, P. 17
9-186. TRANSLATION. N

/*HIGH TEMPERATURE TESTS/*PHOTOGRAPHIC MEASURE
MENT/*RADIANT FLUX DENSITY/*REFRACITORY MATERIALS/*
SPECTRAL EWMISSION/*SPECTRAL ENERGY DISTRIBUTION/ B
LACK BODY RADIATION/ BRIGHTNESS/ EMISSIVITY/ MOLYB
DENUY/ NIOBIUM/ TANTALUNM/ THERMAL RESISTANCE
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A69-41329. ISSUE 23 . PAGE 4237 CATEGORY 33 6
9/07/00 UNCLASSIFIED DOCUMENT
‘Methods of determining the integral and spectra
1l radiative properties of materials at high temper
atures. '
(Heat resistant materials integral and spectral
radiative properties in IR and visible regions de
termined by calorimetry and IR spectrometer)
A/KHRUSTALEV, B. A.; B/RAKOV¥; A. H.
HEAT TRANSFER - SOVIET RESEARCH, VOL. 1, P. 16
3-178.  TRANSLATION. _
/*INFRARED RADIATION/*LIGHT (VISIBLE RADIATION
) /*REFRACTORY MATERIALS/*SPECTRAL EMISSION/*SPECTR
U ANALYSIS/ ABSORPTIVITY/ HEAT MEASUREMENT/ INFRA
RED SPECTROMETERS/ RADIATION MEASUREMENT/ RADIATIV
E HEAT TRANSYER

269-25230% ISSUE 11 PAGLE 1888 CATEGORY 14
69,/02/00 UNCLASSIFIED DOCUMNENT

Measuring procedure and experimental equipment
for determining the integral normal emissivity of
structural materials at temperatures ranging from
1200 to 3000 K

(Integral normal emissivity of electrxcally con
ducting materials heated to high temperatures by H
F field of inductor, discussing measurement proced
ure and equipment)

A/PETROV, V. A.; B/SHEINDLIN, A. E.; C/VINNIK
OVA, A. N (AB/AKADEMIIA NAUK SSSR, NAUCHNO- ISS
LEOVOVATEL*SKII INSTITOT VYbOﬁIKﬂ TEMPERATUR, MOSCO
He USSR/.)

TEPLOFIZIKA VYSOKIKH TEMPERATUR, VOL. 7, P. 12
1-146. IN RUSSIAN.

*¥EMISSIVITY/*UIGH TLUUPERATURE TESTS/*MEASURTN
G INSTRUMENTS/*REFRACTORY MATERIALS/ AIRFRAME MATE
RIALS/ EXPERIMENTAL DESIGN/ SPALLLRAFT CONSTRUCTIO
N MATLRIALS/ TUNGSTEN
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Avb=391024 IssuE 21 PAGE 3734 CATEGORY 14
Lo /V93/00 UNCLASSIFIED DOCUMENT

Temperdture and emissivity measurement at 0.65
mu with a solar furnace.

{lmaging technigues to obtain temperdture and e
nissivity measurements and phase diagrams of high
melting point ceramic oxides with aid of solar fur
nace)

A/KOZUKA, T.; B/NOGUCHI, T. (ARA/GOVERNMENT I
NDUSTRIAL RESEARCH INST., SOLAR RESEARCH LAB., NAG
0YA, JAPAN/.)

/SOLAR ENERGY bOLILTY, ANNUAL MEETING, PHOEN
Ix, ARIZ., MAR. 15-17, 1965, PAPER./ SOLAR ENERGY
« VOL. 10, JUL.-SEP. 196b P. 125-131. 13 REFS.

/¥UIGH TEMPERATURE KESLARCH/*IMAGING TECHNIQUE
/*S0LAR FURNACE/*TEMPERATURE MEASUREMENT/ BRIGHTNE
S5/ CERAMIC/ CONFERENCE/ EMISSIVITY/ FURNACE/ HIGH

TEMPERATURE/ IMAGE/ MEASUREMENT/ MELTING/ OXIDE/
POINT/ PYROMETER/ REFLECTION/ RESEARCH/ SOLAR/ TEHN
PERATURE

Noo—-3bold o s I550e 21 PAGE 41069 CALEGORY 14
NASA-TN=D-30604 66/09 /00 ONCLASSIFIED DOCUHENT

Some practical aspects of surface temperature m
easurement by optical and ratio pyrometers

(kadiation heat equations and surface temperatu
re measutemnents of opague materials by Opthdl and

ratio pyrometers)

A/BRANSTETTER, J. Re.

NATIONAL AERONAUTICS AND SPACE ADMIN STRATION.
LEdIs RESEARCH CENTER, CLLVELAND, OHIO. AVAIL.
CFS5TI ,

WASHINGTON, NASA, SEP. 19066 71 P REFS
/*¥HEAT EQUATION/*OPTICAL PYROMETER/#RADIATIVE
HEAT TRANSFER/*SURFACE TEMPIRALTURLE/*TEMPERATURE ME
ASUREHENT/ CALIBRATION/ £QUATION/ ERROR/ HEAT TRAN
SFak/ MATERIAL/ MEASUREMENT/ OPAQUY/ OPITICAL/ PYRO

METER/ RADIATION/ RATIO/ SUXFACE/ TEMPERATURE
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Abb~-14985%# ISSUE 5 PAGE 716 CATEGORY 23 6
5/10/00 UNCLASSIFIED DOCUMENT

Thermal emittance behavior of small cavities lo
cated on refractory metal surfaces.

(fhermal emittance of cone and cylinder cavitie
s elcectrically disintegrated in tungsten and molyb
denum measured with disappearing-filament pyromete
r) :

A/BRANSTETTER, J«. Re; B/SCHAAL, R. D. (AB/NA
SA, LEWIS RESEARCH CENTER, CLEVELAND, OHIO/.)

INST. OF ELECTRICAL AND LLECTRONICS ENGINEER

S, THERMNIONIC CONVERSION SPECIALISTS CONFERENCE, S
AN Di&EGO, CALIF., OCT. 25-27, 1965, PAPER. 10 P.
12 REFS. _

/¥REFRACTORY METAL/*SURFACE TEMPERATURE/*THERM
AL BEMISSION/ CAVITY/ CONFERENCE/ EMISSION/ FILAMEN
T/ METAL/ MOLYBLENUM/ PYROMETEZR/ REFRACTURY/ SURFA
CE/ TEMPERATURE/ THERMAL/ TUNGSTEN ‘

AbL-163948- ISsuE 7 PAGE 938 CATEGORY 23 6%/
01/00 UNCLASSIFIED DOCUWENT .

An infrared band ratio technique for teaperatur
e determinations of hot gases.

(IR band ratio technigque used for gas temperatu

re determinations of combustion products)
A/FERRISO, C. Ce; B/LUDAIG, C. B. (AB/GENERA
L DYNAUICS CORP., GENERAL DYNAMICS/ASTRONAUTICS, S
PACE SCLENCE LAB., SAN DIEGO, CALILIF./.).
APPLLED OPTICS, VOL. 4, JAN. 1965, P. 47-51.
14 giiS. RESEARCH SUPPORTED BY NAVY, AND GENERAL
DYRAWLICS CORP.

/*¥HOT GAS/*INFRARED SPECTRUM/*RADIATION EMISSI
ON/*TEMPERATURE MEASURLENENT/ BAND/ COMBUSTLON/ DET
ERMALINATION/ EMISSIVITY/ INFRARED/ MULASUREMENT/ RAD
IATION/ RATIO/ SPECTRUM/ TECHNIQUE/ TEMPERATURE/ V
APOR/ HWATER
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Aod4=23L050% 1550 19 CATEGORY 15 04,/00/00 U
NCLASSIFIED DOCUMNMENT T
tquipment for measuring thermal ewmittance of ce
ramkic oxides to 1800 deqg k.
(Equipment for measuring total normdl emittance
and normal spectral emittance from 1 to 15 micron
s of nonmetals and metals from 1200 to 1800 degree
s K)
A/CLARK, He Baj B/MCORE, D. G. (AB/NATIONAL
BUREAU OF STANDARDS, WASHINGTON, D.C./.)
IN- SYMPOSIUM ON THERX4AL RADIATION OF SOLIDS
s SAN FRANCISCO, CALIF., MAR. 4-6, 1964, SESSION I
II - MEASURENENT TECHNIQUES. SYWMPOSIUM USAF, NATI
ONAL BUREAU OF STANDARDS, AND NASA. BERKLLEY, U. O
¥ CALIFORNIA PRESS, 19064. 25 P. 18 REFS.
/*SPECTRAL EMISSION/*THEKMAL EMISSION/ CERAMIC
/ CONFuRENCE/ CYLINDER/ LMISSION/ EQUIPMENT/ MATER
IAL/ MAASUREMENT/ NORMAL/ OXIDiE/ PLATINUM/ REFLECT
10N/ ROTATION

Abd4=-18391¢# ISSUE 13 CATEGORY 15 00/00/00 U
NCLASSIFIED DOCUMENT

A review of multicolour pyrometry for temperatu
res below 1500 deg c.

(Multicolor radiation pyrometers for temperatur
es below 1,500 degrees c)

A/REYNOLDS, P. H. (AA/BRITISH NON-FERROUS MET
ALS RES5£ARCH ASSN., LONDON, ENGLAND/.)

BRITISH JOURNAL OF APPLILD PHYSICS, VOL. 15,

nay 1964, P. 579-589. 32 REFS.

/*RADIATION PYROMETER/*TEAPERATURE MBASUR L UENT
/ ALUMINUM/ BRASS/ EMISSIVITY/ MEASUREMENT/ MULTIC
OLOR/ PYROMETER/ RADIATION/ SPECTRUM/ TEMPERATURE

A6 3-12b07 {ISSUR 6  CATEGORY 15 63/01/00 UNC
LASSIFLED DOCUMENT
(3uctface temperature weasurement using o radiat
ion pyrometer which utilizes a two-beam null-balan
cing technique)
A/KELSALL, D.
AN AUTOMATIC EHLISSIVITY-COMNPENSATED RADIATI
ON PYROWUETER. De. KELSALL /ORITISH SCLENTLIFIC INSTR
UHENT HKESEARCH ASSOCIATION, CUISLEUURST, KENT, ENG
LAND/. JOURNAL OF SCIENTIFIC INJPMUNLNTS, VOL. 40
s JAN. 1963, P. 1-4,
/*RADIATION PYROMETER/*TuMPERATURE ﬁhASUREMENB
/ BALANCE/ BEAMN/ COMPLNSATION/ EMISSIVITY/ MEAS!RE
HENT/ NULL/ PYROMETER/ RADIATION/ SURFACL/ TECHNIQ
UE/ TEMPERATURE
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No3-82865 : BEC-4247 ASD-TR-61-487  AF 33/616/-74
79 61/10/00  UNCLASSIFIED DOCUMENT

A/NOFFITT, G.

BARNES ENGINEERING CO., STAMFORD, CONN.

BARNES ENGINEERING CO., STAMFORD, CONN. STUD

Y OF A TEMPERATURE MEASURING SYSTEM FOR THE 1000 D
EG C TO 2500 DEG C RANGE <FINAL REPORT, JULY 1, 1
960 - AUG. 31, 1961< GUY MOFFITT WRIGHT-PATTERSON
AFB, OHIO, FLIGHT CONTROL LAB., OCT. 1961 108p 7
2 REFS JCONTRACT AF 33/616/-7479/ /ASD-TR-61-487,
BEC-4247/ . ;

/ EAISSIVITY/ ENVIRONMENT/ HIGH TEMPERATURE/ M
EASUKENENT/ RADIOMETER/ SENSITIVITY/ SOLID/ SURFAC
B/ SYST&M/ ULTRAVIOLET

Ho3=-TobH 3w IssUE 14 CATEGOMRY 15 ASD=TR=-61-UB
T ADL-274794 AF 33/616,/-747Y 62/02/00 UNCLASS
IFLEy DOCUHENT

(Ultraviolet radiowmeter for automatic measureme
nts of surtace temperatures in 1000 to 2500-deg c
region) o

A/MOFFITT, G

BARNES ENGINEERING CO., STAMNFORD, CONN.

/*HIGH TEMPERATURE RESEARCH/*RADIOMETER/*SURFA
CE TEMPELATURE/*TENPERATURE MZASUREMLENT/*ULTRAVIOL
ET RADIATION/ AIRBORNE/ AUTOMATION/ CALLIBRATION/ C
OdSTRUCTION/ DESIGHN/ LWISSLIVATY/ FLUCTUATION/ dIGH
TEAPERATURE/ LAMP/ MEASURLMENT/ NOLYBDENUA/ NUCLE
AR/ OXIDATION/ RADIATION/ RETERENCE/ STRIP/ SURKTFAC
E/ TLEAPERATURE/ TRANSDUCLR/ TUNGSTEN/ ULTRAVIOLEY/
VeldiCLE

ATu=-2140 74 ISSUE 9 PAGE 1032 CATuGURY 14 A
D-0977061 AFHL-TR-69-39-277 r33615-69-C-1229 69
/10704 URCLASSIFIED pOCUMNENT ‘
Deternmination of therwal and electrical conduct
ivity, emittance and Thomson coefficient at high t
emperatures by direct heating methods .Technical ¢
eport, 1 Jul. 1968 - 30 Jun. 1969 '
(Thermal and electrical conductivity, emittance
» and Thomson coefficient measurements at high temn
peratures by direct heating amethods)
A/DAVIS, F. E.; B/KI4BROUGH, W. D.j; C/POWELL,
R. W.; D/TAYLOR, R. E. A
PURDUE UNILV., LAFAYETTE, IND. (THERMOPHYSICAL
PROPERTILS RLESEARCH CENTER.) AVAIL. CFSTI

/*ELECTRICAL RESISTIVITY/*EMITTANCE/*HIGH TEMP
EXATURE RESEARCH/*THERNAL CONDUCTIVITY/*THERMOELEC
TRICITY/ GRAPHITE/ RESISTANCE HEATING/ TANTALUW/ T
UNGSTEN
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No3=-195674#- ISSUE 8 PAGE 1440 CATEGORY 33 6
8/00/00 UNCLASSIFIED DOCUMENT

Y“ethods of determining the integral and spectra
1 radiative properties of materials at high temper
atures '

(Spectral and integral radiative properties of
heat resistant materials at high temperatures)

A/RAKOV, A. H.

LOCKHEED MISSILES AND SPACE CUO., SUNNYVALE, CAL
IF. AVAIL- NATIONAL TRANSLATIONS CENTER, JOHN C
RERAR LIBRARY, CHICAGO, ILL. 600616

TRANSL. INTO ENGLISH FROM THE BOOK '*TEPLOO
BMEN, GIDRODINAMIKA I TEPLOFIZICHESKIE SVOISTVA VE
SHCHESTVA'' MOSCOW, IZD. AN SSSR, 1968 P 174-190
/*HIGH TEMPERATURE ENVIRONMENTS/*RADIATIVE HEA
T TRANSFER/*REFRACYTORY MATERIALS/¥*THERMODYNAMIC PR
OPERTIES/ BIBLIOGRAPHIES/ BLACK BODY RADIATION

N6B-14019%# ISSUE 5 PAGE 658 CATEGORY 14 N
ASA-TT-F-11407 NASW-1695 67/12/00 UNCLASSIFI
ED DOCUMENT .

Photographic pyrometry ,

(Photographic pyrometry techniques and applicat
ions in high temperature physics)

A/SHRAMKO, YU. N. o

TECHTRAN CORP., GLEN BURNIE, MD. AVAIL. CFST
1

WASHINGTON NASA TRANSL. INTO ENGLISH FROM
TEPLOFiZ. BYSOKIKH TEMPERATUR, AKAD. NAUK SSSR /MO
SCOW/, V. 5, NO. 2, 1967 P 367-372

/*HIGH TEMPERATURE RESEARCH/*PHOTOGRAPHLIC MEAS
UREMENT/*¥PYROMETERS/*TEMPERATURE MEASUREMENT/ BRIG
HTNESS/ EMISSIVITY/ ERROR ANALYSIS/ PHOTOGRAPHS/ T
EMPERATURE DISTRIBUTION/ THERMAL RADIATION
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NOO~-224 18#% "ISSUE 12 PAGE 2235 CATEGORY 33
NBS—-TN-267 AD-628586 65/12/17 UONCLASSIFIED DOC
UMENT
Procedures for precise determination of thermal
radiation properties, November 1963 to October 19
64
(Laser source reflectometer to measure retlecta
nce of ‘specimens at nigh temperature - relation of
thermal emission to other optical properties)
A/DE W1ITT, D. P.; B/DUNN, S. Te.; C/HAYES, W.
Do, JR.; ©D/RICHHAOND, J. C.
NATIONAL BURLAU OF STANDARDS, WASHINGTON, D. C.
AVAIL. CFSTIL
17 DEC. 1965 77 P REFS PREPARED FOR AY
/¥LASER/*0OPTICAL PREOPERTY/*REFLECTOMETER/*THER
MAL BMISSION/ BEUAVIOL/ COLFFPICISNT/ LLECTROMAGNET
IC/ EMISSION/ HIGH TEMPERATURE/ MEASUREMENT/ OPTIC
AL/ PROPERTY/ QUANTUM/ RADLIATION/ REFLECTION/ RUOD
IUN/ SOURCE/ SPHERE/ THEORY/ THERMAL ‘

Nod= 139714 ISSUE 5 CATEGORY 13 WADC-TR=-59-51
U, PT. 4 AD-426842 AF 33/616/-61-02 63/11/00
UNCLASSIFILD DOCUMENT

Standardization of thermal emittance measurenen
ts. part iv- notrwal spectral emittance, 800-1400
dey. x technical report, 1 jul. 1958-31 oct. 196
2

(Measurement of normal spectral emittance of sp
ecimens at temperatures in 800 to 1400-deg k range

) .

A/HARRLSON, 4. N.; B/JOSEPH, H. Me; C/RICHMON
D, J. Co; D/SHORTEN, F. J.

NATIONAL BUREAU OF STANDARDS, WASHINGTON, D. C.

WRIGHT-PATTERSON AFB, OUIO, AF MATERIALS LAB

., NOV. 1963 97 P

/%*SPECTRAL EMISSION/ CALIBRATIUON/ EMISSION/ EN
ISSIVITY/ LQUIPMENT/ HIGH TEMPERATURE/ LENGTH/ MEA
SUREHENT/ PROCEDURE/ SPECTRUM/ STANDARD/ WAVE
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Nod-10968% ISSUE 2 CATEGORY 13 AF 33/616/-73
19 63/00/00 UNCLASSIFIED DOCUMENT

Some problems in emittance measurements at the
higher temperatures and surface characterization

(Emittance measurement for refractory materials

to 5000 deg £ - temperature & structure dependenc
e)
A/PEARS, C. D.

SOUTHERN RESEARCH INST., BIRMINGHAM, ALA.

IN NASA MEASUREMENT OF THERMAL RADIATION PR
OPERTIES OF SOLIDS 1963 P 541-551 REFS /SEE Nod4
-10937 02-01/ GPO- $3.50 ,

/*¥ENISSION/*HIGH TEMPERATURE RESEARCH/*REFRACT
ORY MATERIAL/ ANALYSIS/ DEPENDENCE/ EMISSIVITY/ ER
R0R/ MATERIAL/ OPTICS/ PYRCHMETRY/ REFRACTORY/ STRU
CTURE/ SURFPACE/ TEMPERATURE/ THERMOCOUPLE/ VERY HI
G

N64~10966% ISSUE 2  CATEGORY 13  63/00/00  UN
CLASSIFIED DOCUMENT

Evaluation of thermal radiation at high tempera
tures

( mittance measuring apparatus for temperatures

up to 4000-deg f£)

A/KLENM, R.: B/KONOEKEN, S.

NORTH AMERICAN AVIATION, INC., LOS ANGELES, CAL
IF. ‘

IN NASA MEASUREMENT OF THERMAL RADIATION PR
OPERTIES OF SOLIDS 1963 P 505-513 REFS /SEE N6u4
-10937 02-01/ GPO~ $3.50

/*¥ENISSION/#HIGH TEMPERATURE RESEARCH/*MEASURI
NG APPARATUS/*THERMAL RADIATION/ APPARATUS/ BLACK/
BODY/ EMISSIVITY/ EQUIPMENT/ HIGH TEMPERATURE/ MA
TERIAL/ RADIATION/ TEST/ THERMAL/ TRANSPARENCY

" N64-10965%  ISSUE 2  CATEGORY 13  ASD-TR-61-706

¢ VOL. 2 AF 33/616/-7050 63,/00/00 UNCLASSIFIL
ED DOCUMENT ‘

Emittance measurement capability for temperatur
es up to 3000 deg £

(Emittance measurement for temperatures to 3000
-deg £ to provide data on thermal radiation of cer
amics for reentry vehicle use)

A/KJELBY, A. S.

AERONCA MFG. CORP., MIDDLETOWN, OHIO.

IN NASA MEASUREMENT OF THERMAL RADIATION PR
OPERTIES OF SOLIDS 1963 P 499-503 /SEE N64-1093
7 02-01/ GPO~- $3.50

/*CERAMICS/*ENISSION/¥HIGH TEMPERATURE RESEARC
H/*THERMAL RADIATION/ BLACK/ BODY/ EMISSIVITY/ UEA
T/ HEMISPHERE/ HIGH TEMPERATURE/ RADIATION/ REENTR
Y/ SHIELD/ THERMAL/ VEHICLE
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Nou4-10964% 'ISSUE 2 CATEGORY 13 63/00/00 UN
CLASSIFIED DOCUMENT
A very rapid 3000 deg £ technique tor measuring
emittance of opaque solid materials
(Total normal emittance measurement technique f
or opaque solid materials over 1000- to 3000-deg f
range).
A/CLAYTON, W. A.; B/EVANS, R. J-.; C/FRIES, M.
BOEING CO., SEATTLLE, WASH.

IN NASA MEASURLEXAENT OF THERMAL RADIATION PR
OPERTIES OF SOLIDS 1963 P 483-488 /SEE No6l-1093
7 02-01/ GPO- $3.50

/*EMISSTON/*HIGH TEMPERATURE RESEARCH/*OPACITY
/*S0LIDS/ ACCURACY/ ANALYSIS/ BODY/ EMISSIVITYI/ ER
ROR/ GRAY/ HIGH TEMPERATURE/ OPAQULE/ OPTICS/ PYROMNM
ETER/ SOLID

NOU4-10958% . ISSUE 2 CATUGORY 15 "WADD-TR-60~-10
2 AF 33/616/-5925 63,/00/00 UNCLASSIFLIED DOCU
MENT
Instrumentation for emlttancc measurements in t
he 400 deg to 1800 deg £ temperature range
(Instrumentation for simultancous measurement o
£ spectral and normal emittance of materials in am
bient and vacuum environment at high temperature)
A/7BASTLAN, R.; B/DYER, J.; C/GRAVINA, A.
fLPUBLIC AVIATION CORP., FARMINGDALE, N. Y.

IN NASA HMEASURBMENT OF THERMAL RADIATION PR
OPLRTIES OF SOLIDS 1963 P 329-336 FOR COMPLETE
DESCRIPTION, SBEE WADD-TR-60~-102, FINAL REPT. /SEE

No4=-10937 02-01/ GPO—- 33.50
/*LﬂlbeON/*HIGH ThuPERATURE RLSEARCH/*IVSTRUM
ENTATION/*#VACUUN/ AMBILEET/ SHISSIVITY/ ENVIRONMENT
/ A5/ HIGH TEMPERATURE,/ MATERIAL/ NORMAL/ SPECTRA
L
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NoZ=1290un ISSUE 9 CATEGORY 21 WADD-TR=-60~-67
6, PT. LI AF 33/616/-6570 62/02/060 UNCLASSIF
IED DOCUNENT

(Optical methods ot measuring plasma jet temper
atures - wmeasurement by photoeclectric pyrometry)

A/DUNDAS, P. H.; B/HOTTEL, Heo C.; C/JENSEH, W
- Poy3  O/WILLIANS, G. C.
HMASSACIHUSETTS INST. OF TLCH., CAMBRIDGE.
AASSACHUSHUTTS INST. OF TECH., CAMBRIDGE. OPT
ICAL NMa&THODS OF MEASURING PLASHA JET TEMPERATURES.
PAXT II- MNEASUREMENT BY PHOTOELECTRIC PYROMETRY.
<FINALK TECH. DOC. REPT. <COVERING PERIOD OF OCT
« 1960 T0 AUG. 1961.< H. C. HOTTEL, G. C. WILLIAHNS
¢+ Ps H. DUNLAS, AND W. P. JENSEN. WRIGHT~PATTLRSON
Ai'b, OHIO, DIRECTORATE OF HMATERIALS AND PROCESSES
¢ FiiB. 1962. 52 P. 77 REFS. /CONTRACT AF 33/616/
-0573/ /YWADD-TR-060-676, PT. 11/

/¥IBT/*0PTICAL MLuASUREMENT/*PHOTOELECTRICITY/*
PLASWHA JET/*PYROMETRY/ BELER LAW/ BROADENING/ CALIB
KATION/ D-LINE/ DETECTOR/ DOUBLET/ LFFECT/ ELECTRO
FICS/ £HISSION/ BMISSIVITY/ FILAMENT/ FILTER/ TFREQ
USHlY/ INDICATION/ INTEGRAL/ INTERFERENCE/ LAW/ LI
NZ/ MEASUREMENT/ METHOD/ NOISE/ OPACIFIER/ OPTICAL
/ OPTICS/ PHOTOMULTIPLIER/ PLASMA/ PHROBABILITY/ PR
CBZy/ PYROMNETER/ RADIANCE/ RATIO/ SHAPE/ SIGNAL/ SO
DIJM/ SOURCE/ SPECTRUM/ TEMPERALURE/ THEORY/ TRANS
PaRKENCY/ UNKNOWN

X66-10479  ISSUE 2 PAGE 185 CATEGORY 33 64/
01/900 UNCLASSIFIED DOCUHENT GOVT. AGCY. ONLY
The problem of accurately measuring changing te
mperatures of non-metallic surfaces
(Calibration of optical pyrometer for accurate
measurement of temperature changes of nonmetallic
surfaces)
A/SKLAREW, S.
MARQUARDT CORP., VAN KUYS, CALIZF.
IN AFSC SUM. OF THE 8TH REFRACTORY COMPOSIT
ES WORKING GROUP MEETING, VOL. I JAN. 1964 P 92-1
17 REFS /SEE X66-10476 02-15/
/*CALIBRATION/*NONHETAL/#0PTICAL PYROMETER/*SU
RFACE TEAPERATURE/*TEMPERATURE MEASUREMENT/ BLACK/
BODY/ CONFLERENCE/ EMISSION/ BMISSIVITY/ GRADIENT/
HEATING/ INSTRUMENT/ MEASUREMENT/ RADIATION/ SPEC
TRAL/ STANDARDIZATION/ SURFACE/ TEMPERATURE/ THERM
OCOUPLE
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Koo=1uun? LssuE 1 PacE 87 CATLEGORY 33 £5/0
8/0u DUCLASSLIFIED DOCUMENT GOVT. AGCY. ONLY

Air Force sponsorced studies on high temperature
eaittance at the Natioral suredau of Standards

(Measurement techuoiques and working standards f
or thermal emittance - Calibration of ellipsoidal
mirror and laser reflectometors)

A/7MINGES, M. L. B/STEVLSON, De Fo

AIR FORCE SYSTENS COMJAND, WRIGHT- PATTERSON AF
B, OllIV. (AIR FORCE MATERIALS LAd.)

IN AFSC SUM. OF ‘THE TENIH RulFRACTORY COMPOS

ITES WORKING GROQUP MEETING AUG. 1965 P 889-895 R
EF5  /SEE X66-10016 01-17/

/¥CALIBRATION/*MIRBROR/*REFLECLTOMETER/*THLRNMAL
BHISSLUd/ COATING/ CONPOSITE/ CONFERENCE/ ELLIBSOI
D/ eaISSION/ INCONLEL/ LASER/ HEASUREMENT/ PLATINUNM
/ REFfRACTORY/ SPHERE/ STANDARDIZATION/ TECHNIQUE/
THERMAL
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Concerning radiative heat transfer to and from vehicles

in high-velocity, reentry-type environments.
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w0C REPORT BIBLIOGRAPHY  SEARCH CONTROL NOe 045514

Au=p o] T746L 22/3 20/13 22/2
GENWEKAL DYNAMICS/ASTRONAUTICS SaAN DIEGO CALIF
A NOTE ON RADIATIVE HEATING TO RE=-
ENTERING VEHICLES, (V)
JUN 62 29P JALWINSK yAe He }
REPTe NOe GOA=mERR«AN=}48

UNCLASSIFIED REPORT o
DISTRIBUTIJON; USGO! OTHERS TO GENERAL DYNAMICS/
CUNVAIRy Pe Oe¢ BOX 12009 SAN DJEGO, CALIF,
921412 '

SUPPLEMENTARY NOTE: SEE ALSO AD=g61 752l

DESCRIPTORS: (#ATMOSPHERE ENTRYy eLIFVING REENTRY
VERICLES), THERMAL RADIATION, THERMOOYNAMICS,
AERUDYNAMIC HEATINGs NOSE CONESs AERODYNAMIC
CONFIGURATIONS, EM]ISSIVITY, THEORY, SHOCK WAVES,

VELTA WINGS, VIBRATION, DISSOCIATION, :
NONEQUILIBRIUM FLOW, STAGNAT]ON POINT» INTENSITY,
UESCENT TRAJECTORIES, MOLECULAR ENERGY LEVELS,

MOLECULAR ROTATIQN , (u)

IDENTIFIERS: RADJATIVE EQUILIBRIUM HEATING,

RAGIATIVE NONwEQUILIBRIUM HEATING, EQUILIBRIUM
RADIATION, KIRCHHOFF LAW, GAS CAPS, RADIATIVE
HEATING ' (V)

RADJATIVE HEATING TO RE=ENTERING VEHICLES WAS
EXAMINEDs IT WAS FOUND THAT EQUILIBRIUM RADIATIVE
HEATING TO THE STAGNATION PQINT, AS H]THERTO
CALCULATED, QVERESTIMATES THE ACTUAL HEATING BY 20~
25% BECAUSE OF THE POOR APPROXIMATION TO THE ACTUAL
GEOMETRY INVOLVEDs FURTHER, IT WAS SHOWN W{TH THE

Al1D OF PREVIOQUS WORK THAT THE D}SREGARD OF THE SELF=
ABSURPTION OF THE GAS MAY LEAD TO SER]OUS .
OVERESTIMATES OF EQUILIBRIUM RADIATIVE HEATING UNDER
CERTAIN FLIGHT AND VEHICLE SITUATIONS. RELATIONS

WERE PRESENTED WHICH CORRECT THESE ERRORS FOR A
SPHERICAL STAGNATION POINT AND AN [NFINITE RADJATING °
SLABes 1T WAS POJNTED OUT HOW OTHER VEHICLE SHAPES
SHOULD BE ANALYZEDe THE RESULTS WERE APPLIED TO

THE DELTA WING SHAPEe EWUAT]ONS WERE DERIVED

WHEREBY RADIATIVE EQUILIBRIUM HEATING MAY BE
CALCULATED AT THE STAGNATION POJNT AND SOME POINT AFT
on THE UNDERSIDE OF THE WING AT ANGLE OF ATTACK.

IT WAS CONCLUDED THAT ESTIMATES OF NON~EQUILIBRJUM
HEATING ARE VERY UNCERTAIN. THIs DOES NOT REMOVE

THE EXISTING PROBLEMy HOWEVER. T WAS POINTED oOUT
WHERE DATA ON NON=EQUILIBRIUM HEATING MAY BE
ObTAINEDe (AUTHOR) (V)
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LOC REPORT BIBLIUGRAPHY SEARCH CONTROL NOe. 045518

Au=8ld 889L 22/2 20713 1674
AVCO EVERETT RESEARCH LAB EVERETT MASS
RADIATION FROM THE BOUNDARY LAYER OF A SLENDER

NONABLATING CONE. (V)
DeSCRIPTIVE NOTE: KESEARCH REPTe, <
JUN . &7 51P TEXTORIS,As $1CAMAC ) Me 1§

RLPTe NOe AERL~RR~278
CUNTRACT: AF 04(694)=845
MUN[TORE BSD TR=67=132

UNCLASSIFIEU REPORT
DISTRIBUTION; UsSGU$ OTHERS TO SPACE AND MISSILE
SYSTEMS ORGANIZATIONs ATTNI SMSpM=)e NORTON
AFB8y CALIFs 92409

DESCRIPTORS: (¢NOSE CONES, THERMAL RADIATION),

POUNDARY LAYER, EMISSIVITY, HlGH ALTITUDE,

HYPERSONIC CHARACTERISTICSy INFRARED RADIATION,
MOLECULAR SPECTROSCOPY, OUXYGEN, NJTROGEN,

NITROGEN OXIDES» CARBON DIOX[DE ,
SPECTRA(INFRARED), INTENSITY, CONICAL BODIES,

SLENDER BODIES, MATHEMAT|CAL PREPICTIONs REENTRY
VEHICLES, EXCITATION, SHOCK WAVES (V)
IDENTIFJERS{ SHARP BODIES ()

THE RADIATION EMISSION FROM THE SIDEWALL BOUNDARY
LAYER [S ESTIMATED FOR SEVERAL NONABLATING CONJCAL
BODJESe DETAJLED RADIAT]ON FRQFJLES ARE PRESENTED
FOR &, 8, AND 10 DEGREE HALF=~ANGLE CONES AT |50 K=
FT ALTITUDE AND FOR AN 8 DEGREE CONE AT IISK=FT AND
200 K=FT ALTITUDESy ALL AT A VELOCITY OF 22 KeFT/
SECe THE MAJOR SOURCES OF RADJATION ARE FROM
MOLECULAR BANDS; 02 (SR})s N2 (l+) AND

{2+)y NO (BETA) AND (GAMMA), INFRARED

NO (543 AND 2¢7 MICRONS), AND C02{4¢3 AND 247
MICRONS)s THE INTENSITIES ARE CALCULATED

ASSUMING EQUILIBRIUM (LTE) AND COLLIS]ON=LIMITED
RADIATIONe FOR LTEs THERE IS THERMODYNAMIC
EQUILIBRIUM OF THE INTERNAL MQODES (VIBRATIONAL AND
ELECTRONIC) WITH LOCAL TRANSLATJONAL TEMPERATURE
IN THE NONEQUILIBRIUM (NON=LTE) EXCITATION

CASE, DETAILED KNOWLEDGE UF THE EXCITATION AND
QUENCHING RATE CONSTANTS IS NEEQEOD! UNFORTUNATELY
OnLY A FEW OF THEM fAVE BEEN MEASURED, WHERE NO
MEASUREMENTS EX[ST, WE HAVE ASS|GNED TENTATIVE VALUES
TG THE RATE CONSTANTS: THE NON=LTE INTENSITY IS
SEVcRAL ORDERS OF MAGNITUDE BELUW THAT FOR.
EGVILIBRIUMe A TYPICAL NON=LTE INTENSITY AT 115
K=FT ALTITUDE INTEGRATED OVER A |0=FOOQT=LONG 8
DEGREE CONE |S Qe¢) WATT/STER FOR 02 {(SR) BAND
SYSTEMe IN COMPARISON, THE RADIATION FROM THE
NORMAL SHOCK OVER A | €M NOSE RADIUS 1S ABOUT 0,3 {u)
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uDC REPORT BIBLIOGRAPHY  SEARCH courROL‘No. 045618

H

AV=glb }83L 22/2 20/4

GENERAL ELECTRIC (O PHILADELPHIA PA MxSSxLe AND SPACE

DIV

GLOK ANALYSIS REPORTe CHARTS OF EWUILIBRIUM AR
EMISSION IN THE STAGNAT]ON REGION OF A BLUNT
500Y

DESCRIPTIVE NOTE: REPORT ON ADVANCED RE-ENTRY

TECHNOLOGY PROGRAMS, ’
JUN 67 26P ALYEAsFe No

REPTe NO« 67501500

CUNTRACT! DA=0}=021=AMC=}3812(Z), ARPA ORDER=453

UNCLASSIFIED REPORT
DISTRIBUTION; DOD ONLY: OTHERS TO ARMY
MISSILE COMMAND, ATTNS AMSM]=RNRe REOSTONE
ARKSENAL, ALAW 35809,

DLSCRIPTORS: (eREENTRY VEHICLES) THERMaAL
RAUIAT[ON)y STAGNATION PQINT, s8LUNT BODIESy HIGH
ALTITUDE, LOW ALTITUDE, SPECTRA(VISIBLE +
VLTRAVIOLET),y SPECTRA{INFRARED)y EMISSIVITY,
CHEMILUMINESCENCE, NITROGEN OXIDES, MATHEMATICAL
MOCELS, MATHEMATICAL PREDICTIONs THERMAL
“ADIATION e

JOENTIFIERS:  GRAPHS(CHARTS), GLOW PROVECT"

CALCULATIONS HAVE BEEN MADE OF THE EQUILIBRIUM,
OPTICALLY=THIN EMISSION FROM SHOCK=HEATED AlR AT

STAGNATION CONDITIONS AND PRESENTED GRAPHICALLY AS A

FUNCTION OF VELOCITY AND ALTITUDE FOR TWELVE 500 A
SPECTRAL BANDWIDTHS BETWEEN 3500 AND 9000 Ae THE
ALTITUDE (0 TO J00 KFT) AND VELOCITY (6 TO 23
KFPS) RANGES WERE SELECTED TO PROVIDE COVERAGE OF
1CBM RE=ENTRJES. 1T WAS FOUND THAT THg
CONTRIBUTION OF NO2 THERMAL RADJATION AND NO PLUS
0 CHEMILUMINESCENCE ACCOUNTED FQR APPROXIMATELY S50
PERCENT OF THE EMISSION AT 12 KFPS AND THAT THE
RELATIVE CONTRIBUTION INCREASED WITH DECREASING
VELOCITYe (AUTHOR)
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vbC REPORT BIBLIOGRAPHY SEARCH CDNTROLFNQO 045518

AD=452 421
CORMNELL . AERONAUTICAL LAG INC BUFFALO N Y
STUDY OF INFRARED EMISSION FROM HYPERSONIC AIR

FLOWS e S (V)
OtSCRIPTIVE NOTES FINAL REPTes SEP 61=0CT 64,
NOV 64 56P WURSTERywALTER He

KEPTe NOe wMls26Al6
CUNTRACT: DAJO O0690RD3Y443 45059 2
PROJ: DA3I0 0690RDI443 ,5p57 2

"UNCLASSIFIED REPORT
NOFORN |
SUPPLEMENTARY NOTE:

DeSCRIPTORS: (eHYPERSONIC FLOW, SPECTRA (INFRARED)),
{eKEENTRY VEH|CLES, EMISSIVITY)s ATMUSPHERE ENTRY, BLUNT
sO0VlkS, NOSE CONESy EXPERIMENTAL DATAs» AIR» NITROGEN
COMPOUNDS, OX{pDES, DIOXIDES, NONgQUILIBRIUM FLOW, SHOCK
WAVES, NUMERICAL METHODS AND PRECEDURES, OPTICAL
FROPERTIES, COMPUTERS, HYPERSONIC TEST VEHICLES, THERMAL
KAUIATION, GAS IONIZATION, INFRARED RADIATION (Ul

IVENTIFIERS: FLOW FIELD,y TRAJLBLAZER) GAS CaP (V)

TRE PURPOSE OF THE PROGRAM [S To PERFORM 8aSIC
EAPERJMENTAL MEASUREMENTS AND THEORETCAL ANALYSES
DESIGNED TO EXTEND THE KNOWLEDGr REQUIRED TO
UNDERSTANDU THE PHYSICAL AND CHEMICAL PROPERTIES OF
HYPERSONIC AIR FLOWS ABUUT KEENTRY VEHICLESe A
PRIMARY OBJUECTIVE WAS THE DESCRIPTION OF THE OPTICAL
RADIATION (ESPECIALLY IN THE NEAR INFRARED) FROM

THE GAS CAP QF BLUNT REENTRY BOpDIESe THE WORK HAS
BLEN UIVIDED INTO TwO PRIMARY PHASES?! RADIATION
MEASUREMENTS AND REENTRY FLOW FJELD ANALYS[Se THE
GENERAL APPROACH TO THE PROuLEM OF EXPERIMENTAL
RADIATION IS DEFINED, AND THE STATUS OF THE RESEARCH
AT THE BEGINNING OF THIS CONTRACT IS SUMMARIZEDs AN
ACCOUNT OF THE FLOW FIELD ANALYSIS PHASE OF THE
CONTRACT IS NEXT PRESENTED, GJVING THE GENERAL
INVER3E METHOD OF SOLUTJON AND THE STATUS OF THE
NONEQUILIBRIUM BO%® AND NORMAL SHOCK WAVE COMPUTER
PRUGRAMSe THE PRESENT CAPABILITJES AND LIMITATIONS

OF THE EXACT NUMERICAL METHUDS ARE SUMMARIZED AND
CALCULATIONS ARE MADE TO DETERMINE THE OPTICAL
RADIATION TO BE EAPECTED FROM A TRAILBLAZER REENTRY
VEMICLE OF | FOOT DIAMETER AND ABOUT 20 KFT VELOCITY.
FINALLY THE OVER=ALW PROBLEM OF OPTICAL RADIATION
FROM THE GAS CAP IS REVJEWEDe (AUTHOR) - ()
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A70-110625 SSUE 1 PAGE 219 CATEGORY 33 69/
02/90 UWCLASbIFILD DOCUBENT

Probiems of radiant transfer in hyperaonlc aero
dynamics.

(Radiant heat transfer in hypersonic aerodynami
¢ hedating, discussing radiant flux and carbon diox
ide concentration in reentry problems)

A/KONKOV, A. A.; B/NELLAND, V. IA.; - C/NLKOLAE
Ve V. M. D/PLASTINLIN, [U. A. :

HIGH TEMPERATURE, VOL. 7, P. 126-150. /TLEPLO
FIZ1KA VYSORIKH TEYPERATUR, VOL. 7, JAN,4FEB. 1969
s, P. 140-164./ TRANSLATION. R

/*¥ALRODYNAMIC HEATING/*HYPERSONIC REENTRY/*KAD
IATIVE MEAT TRANSFER/*REENTRY VEHICLES/ CARBON DIO
L1DE CONCENTRATION/ CONVECTIVE HEAT TRANSTER/ FLUX
‘DENSITY/ HYPERSONIC FLIGHT/ MARS ATMOSPHERLE/ STAG
NATION POINT

Ao9-34447 . ISSUE 18 PAGE 3116 CATEGORY 11 6
9/05/00 . UNCLASSIFIED DOCUHMENT
Radiation gas dyunainics in the shock tubc.
{fadiation gas dynamics in shock tube, studying
radiation coupled flows with flow field’ dftected
by radiant encergy transport)
A/GWLIFFITH, W. C.; B/W0OOD, A. D. (AB/LOCKHEE
D ALRCRAFT CORP., LOCKHLED MISSILES AND bPACL CO.,
PALU ALTO, CALIF./.)
PHY3ICS OF FLULDS, VOL. 12, PT. 2, SUPPLEMJENT
i, P. 1-30 TO I-36. /JINTERNATIONAL SHOCK TUBE SY
MPOSIUK, 6TH, UNLVERSITALT VFREIBURG, FRELBURG IM B
REISGAU, WEST GERMANY, APR. 12-14, 1967./
/*ENERGY TRANSFLER/*GAS DYNAMICS/*RADIATIVE HEA
T TRANSFER/*SHOCK HEATING/*SHOCK TUBES/ ARC HEATIN
G/ CONFERENCES/ CONTINUOUS RADIATION/ FLOW DISTRIB
UTION/ HIGH TEMPERATUREL REBSEARCIH/ LUMINOUS INTENSI
TY/ THERMODYNAMICS/ ULTRAVIOLET RADIATION
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A59-14597 ISSUE 4 PAGE 0685 CATEGORY 33 68/
00/00 UNCLASSIFIED DOCUMENT ‘

Radiation and Reentry.

(Monograph on radiation gas dynamlcs, thermal r
adiation, applied spectroscopy and ablation and ap
plications - in high speed atmospheric entry)

A/OLFE, D. Baj; B/PENHER, S. S. {(AA/CALIFORNI
A, U., DEPT. OF THE AEROSPACE AND MECHANICAL ENGIN
EExiiG SCIENCES, LA JOLLA, CALIF./.) $24.

NEW. YORK, ACADEMIC PRESS, INC., RESEARCH sup
PORITLD BY THE U.Se NAVY AND THE ADVANCED RESEARCH
PRGJECTS AGENCY. '

/*¥ATHOSPHERIC ENTRY/*GAS DYNAMICS/*RADIATION E
FFuCIPS/%REENTRY PHYSICS/*THERMAL RADIATION/ ABLATI
ON/ ASTROPHYSICS/ RADIATIVE HEAT TRANSFER/ SPECTRO
SCORY

Aol=-17330%: ISSUE 5 PAGE 928 CATEGORY 33 A
1AA PARPER 66-1006 NAST-295 67/01/00 - UNCLASSIF
IkD VOCUHBHT
Convective ana radiative heat trdnszer daring s
uperorbital entry.
(Convective and radiative heat transfér to reen
try vehicles at superorbital velocities)
A/HOSHILAKL, H.; B/WILSOH, K. . {AB/LUOCKHLZ
D ALRCRAYT CORP., LOCRKUELD JISSILES AND s5pPaCi CO.,
REZoLBARCH LABS., PALO ALTO, CALLF./.) .
/ANERICAN INST. UF AEQRQUNAUTICS AND ASTHRONAUT
IC5, AuROSPACE SCIENCES HMEETING, 3RD, NEJ YORK, N.
Y., JAN. 24-26, 1966, PAPER 6u- 106./ ' AILAA JOURNA
L, VOL. 5, JaN. 1967, P. 25- 35. 30 ReFS. <VFOR A
BSIKACT SEE ISSUL 07, PAGE 1155, ACCESSION NO. A6
-18459< ' .
/¥CONVECTIVE HEAT TRANSFER/*PLANETARY gADIATIO
N/*RADIATIVE HEAT TRANSFER/*REENTRY EFFECT/ ABSORP
TiON/ ATNOSPlHERE/ CONFERENCE/ CONVECTION/ COOLING/
UFFECT/ EMISSION/ UEAT TRANSFER/ LAYELR/ ORBLTAL/
PLANSTARY/ RADIATION/ RAOIATIVE/ REENTRY/ SHOCK/ T
HERMAL/ VEHICLE/ VELOCITY o
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Avd=3T2T79%% I1ss50E 19 PAGE 3093 CATLGORY 33
NAST-380 68/08/00 UNCLASSIFIED DOCUMENT
convective and radiaetive heat trans tLr to an ab
iating bodye.
(Convective and radiative heat transfer to reen
try vehicles protected by ablation heat shields)
A/ZHOSULZAKL, He B/LASHER, L. U (A3/LOCKHE
D AIJCKAFT CORP., LOCKHELD HMISSILES AND SPACE CO.,
KisS kLakRCH LAUS., PALO ALTO, CALIF./.)
ALAA JOURNAL, VOL. b, P. 1441-1449,
/¥ABLATION/*#ATHOSPUERIC ENTRY/*CONVECTLVE HFAT
TRANSFER/*HEAT SHILLDING/*RADIATIVE HEAT TRANSFER
/ AcROTHERMOCHEMISTRY/ COOLING/ MASS TRANSFER/ PYR
OLYSIS/ REENTRY PHYSICS/ REENTRY VhHICLbb/ SHOCK L
AYERS/ THERMAL ABSORPTION ,

Aovo-25154 I55UE 13 PAGE 1989  CATEGORY 1 AF

—AFOSR-353-63 NONR-1841,/93/ 66/00/00 = UNCLASSIF

IED oOCUASRT

Entry ncat transfer at superorbital speeds.

(ustimates of expected relative magnitudes of ¢
onvective and radiative heat transfer at stagnatio
n poiut -of blunt body ror superorbital bgeods and
altitudes with continuum £low)

A/FPaY, Je Ao “(AA/IASSACHUSETYS INST. OF TECH.
s UEPT. OF MACHANICAL ENGINEERING, CAMBRIDGE, MASS

o/ )

IN= FUNDAMENTAL PHENOMENA IN HYPLRbONIL FLOW
, PUUCLEDINGS OF THE INTERNATIONAL SYWPOSIUM, BUFF
ALO, N.Y., JUN. 25, 26, 1964. <KAa66-25152 13-12<
SYNPUSIUA SPONSORED BY Til CORNELL ASRONAUTICAL LA
B. &ZDIT&D BY J. G. HALL. ITHACA, d.Y., CORNELL U.
PrRusSs, 1966, P. 30~46, PREPARED COMNMENT, il. HOSHI
zahL /LOCKHEED ALRCRAFT COR?., LOCKHEED MISSILES A
ND SPACE CO., PALO ALTO, CALIF./, P. 46-50, AUTHOR
'S XEPLY, P. 50, 51, FLOOR DISCUSSION, D. E. ROSNE
R /AZROCHEA RESEARCH LABS., INC., PRINCETON, N.J./
¢ P 51, 39 RESS.
/*BLUNT BODY/*CONTINUUM FLON/*LONVLCTIVu HEAT
TXANSFER/*HYPERSONIC HEAT TRANSFER/*RADIATIVE HEAT
FRANSFER/*STAGNATION POINT/ BLUNT/ BODY/ CONFEREN

CLy/ CONTINUUHM/ CONVECTION/ FLIGHT/ FLOW/ HEAT TRANXN

Sralk/ HYPuRSONIC/ I1ONIZATDION/ LAYER/ POINT/ RADIAT
IVE/ SHOLK/ bTAGVATION/ VELOCITY
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avd=loovold 1ss0E 23 CATsuOrY 2 A 33/097/-10
liv Juzo0/00 UNCLASSLF1ED DOCUMENT

shock layer radiation during hypercvelocity re-
enctry.

(savck layer thermal radiation during simulated

hypervelocity reentry, determining stagnation poi
Lt eyguilibrium radiative heat transter)

A/NEREN, Re M. B/STICKFORD, 6. H. - (AB/OHIO
Starn Ue, DEPT. OF ALRONAUTICAL AND ASTRONAUTICAL
ENGLNECRING, COLUMBUS, GlIO/.)

Id= ANCRICAN INST. OF AukUVAUTILS AVD ASTRON
AULTICS, ENTRY TECHNOLOGY CONFERENCE, WILLIAASBURG
AND HAAPTON, VA., OCT. 12-14, 1964, TECUWICAL PAPE
kS /ALAA PUBLICATION CP-Y/. LikEw YORK, AMERICAN INS
™, OF AEHONAUTICS 4ND ASTROWAUTICS, 1964, P. 153-1
Y. 45 REFS. ‘

/¥EQULLIBRTIUNM FLOW/*HYPLRSONIC RELNTRY/*RADIATL
IVE HEAT TRANSFER/*SUOCK LAYER/*THERMAL RADIATION/
CONPERENCE/ EMNISSION/ LQUILIBRIUN/ FLOW/ 1HLAT TRA
NSFied/ HIGH TEMPERATURE/ HYPLRSONICS/ HYPERVELOCIT
Y/ LAYER/ POINT/ RADIATION/ RATE/ RELENTRY/ SHOCK/
SIHAULATION/ STAGNATION/ THERHAL

Abu=~Tu7344 ISsub 1 PAGE 163 CATLGORY 33 Al
33/01b/-2220 65/09/60 UNCLASSLFIED DOCUNEWNT

Radiating flows around re-entry bodies.
(sguilibrium radiative transport properties of
high tewmperature air coupled with aerodynamic flow
tfield generated by planctary reentry vehicles)
A/NERBEM, R. M. (AA/OH1O STATE U., DEPT. OF AL
ROWAJTICAL AND ASTRONAUTICAL LNGLINEERING, COLUHBUS
, OHLO/.) ‘
INTERNATIONAL ASTRONAUTICAL PEDLRATION, INTE
KNATIONAL ASTRONAUTICAL CONGRESS, 16TH, ATHIENS, GR
EECs, SEP.. 13-18, 1965, PAPER. 39 P. 89 REFS.
/¥AERODYNAMIC HEAT TRANSPFER/*HIGH TEMPLRATURE
ALR/*RADIATIVe HEAT TRANSPER/*REENTRY VEﬂICLE/*TRA
NSPORT PROPERTY/ AERODYNAMIC/ ALR/ COUPLING/ EQUIL
Iba1UM/ FIELD/ FLOW/ HEAT TRANSFER/ HIGH TEMPERATU
ie/ LAYLR/ PLANETARY/ PROPERTY/ RADIATIVE/ RLENTRY
/ SHOCK/ STAGNATION/ TKRANSPORT/ VEHICLE
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A65~181014  ISSUE 8 PAGE 1041  CATEGORY 1 64
/00/060 UNCLASSIFILED DOCUMENT
Radiation heating under hypersonic flow.
(8lunt body radiation heating from dissociated
hot gas in shock layer formed by hypersonic L£low)
A/CLIBERMAN, L. H.3 B/IAKUBOV, I. T.; C/NORMAN
s G. Be; D/VOROBEV, V. S. (AD/MOSCOW LNST. OF P
OWelr ENGINEERING, MOSCOK, USSR/.)
ASTRONAUTLCA ACTA, VOL. 10, NO. 3~-4, 1964, P
e 238-252. 49 RErKS.
/*BLUNT BODY/*HYPERSONIC HEAT TRANSFER/ BLUNT/
BODY/ DISSOCIATED/ EMISSIVITY/ FLOW/ FLUX/ HEAT T
RANSSER/ HEATING/ HOT GAS/ HYPERSONIC/ PRESSURE/ R
ADIANT HEATING/ RADIATION/ TEMPERATURE

M64-22474 ISSUE 18  CATEGORY 13 64/07/00 VN

" CLASSIFIED DOCUHAENT

deat transfer in hypersoaic flow w1th radiation

and chemical reaction.

(Combined effects of aerodynamic transport phen
omena and radiative transport processes on heat tr
ansfer rate to hypersonic reentry vehicle)

A/SAMPSON, D. H.; B/SCALA, 5. M. (AA/GENERAL

ELECTRIC CO., SPACE SCILNCES LAB., VALLEY FORGE S
PACE TECHNOLOGY CENTER, KING OF PRUSSIA, PA./.)
IN- SUPERSONIC FLOW, CHEMICAL PROCESSES AND

RADIATIVE TRANSFER. EDITED BY D. B. OLFE AND V. 2
AKKAY. OXFORD, ENGLAND, PUBLISHED FOR NATO AGARD,

PERGAN¥ON PRESS, LTD., NEW YORK, MACMILLAN CO., 19
64, P. 319-354. 48 REFS. RESEARCH SUPPORTED BY TH
£ GuNERAL ELECTRIC INDEPLNDENT RESEARCH PROGRAN.

/*ALRODYNANIC HEAT TRANSFER/*HEAT TRANSFER/*HY
PERSONIC SPEED/*RADIATIVE HEAT TRANSFER/*REENTRY/
ATHMOSPHERE/ BOUNDARY/ EQUATION/ FLOW/ LAYER/ PLANE
TARY/ RATE/ SHOCK/ VEHICLE/ WAVE
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Ava= 17741 13308 12 CATEGURY 13 64 /0G/00 N
CLAssIVYIES DOCUHENT ‘

dudliative heating of vehicles entering the eart
h's atwosphaere.

(squiitorium radiative heating of vehicles ente
£ing carth atmosphere at twice satellite velocity)

A/RLICK, B. He (AA/NASA, ANES RESEARCH CENTER,
A0S, FeErT FIELD, CALIF./.) '

Ii- TUE HIGH TEMPLRATURE ASPECTS . OF HYPEKSON

IC FLOYW. EDITED BY WILBUR C. NELSON. /NATO, AGAR
VU, SPrCIALISTS' HMEETIKG, TiCHNWNLCAL CENTRE FOR EXPE
RIMEWTAL AERODYNAMICS, RHODS~SAINT-GENESE, BELGIUM
¢ APR. 3=0, 1962./ HOKTHU ATLANTIC TREATY ORGANIZAT
ION, ADVI3SORY GROUP FOR AERONAUTICAL RESEARCH AND
JuVLLOPUENT, AGARDOGRAPH 6d8. NEW YORK, MACMLILLAN
CO., OXFORD, PERGAHON PRESS, LTD., 1964, P. 607-62
b, VDiLSCUSSION, P. 620, 627. 21 RufS. :

/*¥ATNOSPHERIC ENTRY/*KRADIATIVE HEAT TRANSFLER/*
ACENTRY EPECT/ ATHOSPHLERE/ EriblT/ ENTRY/ HEAT/ L
AYER/ RADIATION/ REENTRY/ SIUOCK/ TRANSFER

Ao 3-19413 ISSUE 17 CATEGORY 13 63/707/00 UN
CLASSIFILD DOCUMENT
(Lifting reentry vehicie cooling by reradiation
trom a constant-emissivity surface) '
A/HANKEY, W L., JR.; B/HOOKS, L. E.
CONSTANT CONVECTIVE JBEATING RATE SURFACES T
OR LIFTING RE-ENTRY VEHICLES. WILBUR L. HANKLY, JR
¢ aND LAARENCEZ E. HOOKS /USAF, AERONAUTICAL SISTE
MS DIVISION, WRIGHT-PATTERSON AFB, OHIOQ/. ATIAA JO
UR™AL, VOoL. 1, JULY 1963, P. 1533-1536.
/*CONVECTIVE HEAT TRANSFER/*¥HEAT TRANSFER/*LIF
TING AULNTRY/*RADIATION COOLLNG/*REENTRY VEHLICLE/*
SUEFACE COOLING/ CONSTANT/ CONVLECTION/ COOLING/ EM
13SIVITY/ HEAT/ HEATING/ LIFT/ RADIATION/ REENTRY/
SURIFACE/ TRANSFER/ VEHICLE
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A63-17970 ISSUE 15 CATEGORY 13 63/06/00 UN
CLASSIFIED DOCUMENT 1 '
(Surface temperature differences between elenen
ts of different emittances on a surface exposed to
high-speed flow)
A/DRuBSSLER, F. Re. S.
SURFACE TEMPERATURES DUE TO LOCALIZED RENOV
AL OF A HIGHEMITTANCE COATING ON THE THIN-PLATE SE
CiIONS OF A BE-ENTRY VEHICLE. FRITZ R. 5. DRESSLER
/EALLISTIC RESEARCH LABS., ABERDEEN PKOVING GROUN
b, dL./  AIAA JOURNAL, VOL. 1, JUNE 1963' P. 1416,
1417. .
/*¥HEAT FLOW/ DIFFLRENCE/ EMISbIVITY/ FLOW/ HEA

1/ 41GH SPEED/ REENTRY/ SURFACE/ TEMPERATURk/ VEHI
LLU

N70-209794% ISSUE 8 CATFEGORY 33 AD-697397 ARL
-69-0145 '33615-68~-C~ 1249 AF 33/615/-2220 69/0
9700 UNCLASSLFIED DOCUNENT
Research on problems of high enthalpy flows Fin
al report, 1 Oct. 1964 - 31 May 1969
(Simulated reentry physics emphasizing effects
of radiative transfer in high temperature flow and
convective heat transter in high enthalpy boundar
Yy layers)
A/NuREl, R. M. '
0AI0 STATE UNIV., COLUMBUS. (AERONAUTICAL AND
ASTKONAUTICAL RESEARCH LAB.) - AVAlL. CFSTI
Wi IGHT-PATTERSON AFB, OHIO ARL :
/¥BOUNDARY LAYER TRANSITION/*CONVECTIVE HEAT T
RANSFER/*FLIGHT SIMULATION/*RADIATIVE HEAT TRANSFE
R/Z¥QREENTRY PHYSICS/ ATHMOSPHERIC ENTRY/ ENTHAALPY/ L
AMINAR BOUNDARY LAYER/ TURBULENT BOUNDARY LAYER

106

LOCKHEEDFM¢£)AUK)RESEARC&ILABORATORY

LOCKHEED MISSILES & SPACE COMPANY
A GROUP DIVISION OF LOCKHEED AIRCRAFYT CORPORATION



N70-18826%# ISSUE 7 PAGE 1362 CATEGORY 33
NASA-CR-1462 DAC~63243 NAS1-7757 '00/00/00 UN
CLASSIFIED DOCUMENT

Stagnation point heat transfer durlng hypervelo
city atmospheric entry

(Stagnation point heat transfer durlng hypervel
ocity) :
A/DIRLING, K. B., JR.; B/RIGDON, W. S.; C/THO
HAS, A. L

MCDONNELL-DOUGLAS CO., SANTA MONICA, CALIF.
AVAIL. CF5TI :

dASHINGTON NASA

/*ATHMOSPHERIC ENTRY/*HYPERSONIC SPELD/*RADIATI
VE HEAT TRANSFER/*STAGNATION POINT/ ABLATION/ THER
HODYNAHMIC PROPERTILS/ TRANSPORT PROPERTIES

N6B8-3524 8%# ISSUE 22 PAGE 3977 CATEGORY 33
NASA-CR-1170 NAS1-=-7757 68709700 UNCLASSIFIE
D DOCUMLSNT

Radiative and convective heating durlng atmosph

eric entry

{(tadiative and convective heating durlnq atmosp
heric entry) .

A/DIRLING, Re B., JR.; B/RIGDON, W. S.; C/THO
VA5, M. .

LOJGLAS AIRCRAFT CO., INC., SANTA HUONICA, CALIF
. AVAIL. CPSTIL S

AASHINGTON NASA

/¥LTHOSPHERIC ENTRY/*CONVECTIVE HEAT Taawaan/
*pADILATIVE duAT TRANSKELR/ APP&UXIMATION/ BLUNT BOD
1ES/ BOUNDARY LAYER FLOW/ GRAPHS (CHARTS)/ MATHEMA
TICAL AODELS/ STAGNATION POINT/ TABLES (DATA)
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NO8-10017% ISSUE 1 PAGE 146 CATLEGORY 33 NA
SA-Cu—bbu71 AVSSD=-0007-67—-uit NAS1-5786 67/11/0
8 UNCLASSIFIED DOCUMENT

ileat transfer calculations for high speed reent
£Y Final report

(déut transfer distributions for blunt cones re
entry into earcth atmospheru)

A/BUSS, H.; B/CZUMAK, F.; C/GIBSON, W.; D/PA
LLUNE, A.; E/STEIN, E. v

AVCO CORP., WILMINGTOWN, HASS. (RESEARCH AND T
ECHNOLOGY LABS.) AVAIL. CPSTI

/*LEARTH ATHOSPHERE/*HEAT TRANSFER/*RLENTRY EFF
ECTS/ ABLATION/ BOUNDARY LAYER FLOW/ CONES/ EMISSI
VITY/ ENTROPY/ FLOW DISTRIBUTION/ HEAT SHIELDING/
REENTRY PHYSICS '

X70-13303*%4: L8l 9 PAGE 66U CATEGORY 33 H
ASA-CR=-109206  NASW=1587  68/06/00  UNCLASSIFLE
D LOCUALNY sOVT. AGCY. ONLY

Study of absorption and radiative coupling in h
ypervelocity flows

(Heat absorption and radiative transfer effects
on reeatry vehicles at superorbital flight veloci
ties)

GLuNERAL ZLECTRIC CO., PHILADELPHIA, PA. (HLISS
IL: AND SPACE DIV.) :

/¥HEAT SHLIBLDING/*RADIATIVE HEAT TRANSFER/*REE
NTRY VLHICLES/ GRAPHS (CHARTS)/ LABORATORY sQUIPHE
NT/ 4ATHZMATICAL MODELS/ SHOCK WAVES/ SPACECRAYT D
ESIGd/ SURFACLEL COOLING/ THERMODYNAHMIC PROPLRIIES
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GROUP 7

Concerning reentry simulation techniques and facilities.
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A65-2903Ux* ¥ ISSUE 18 = PAGE 2633  CATEGORY 11
25/00/00 UNCLASSIFIED DOCUMENT ’
Couvective and radiative heat transfer during ¢
eentry and advanced techuaiques for their simulatio
L. :
(Convective and radiative heat transfer simulat
ion, describing use of shock tubes and ballistic r
anges and combinations thereof)
A/CANNLYNG, T. N. (AA/NASA, AMES RESBARCH CENT
Ex, MOFFETT FIELD, CALIF./.) o
L= CONFLERENCE ON THE ROLE OF SIMULATION 1IN
SPACE TECHNOLOGY, VIRGINIA POLYTECHNIC INST., BLAC
KsUis, VA., AUG. 17-21, 190id, PROCEEDINGS. /CIRCU
LAg HO. 4, PART B/. <A65-29082 18-11< CONFERENCE
SUP203TED BY NASA AND NSF. BLACKSBURG, VA., VIRGI
HIA POLYTPECHNIC INST., 1965, P. VII-1 TO VII-27.
1y JEFS.
/*CONVECTIVE HEAT TRANSFER/*RADIATIVE HEAT TRA
ASTER/¥THERHNAL SIMULATION/ UALLISTICS/ COHRFERENCE/
CONVECITION/ HEAT TRANSFER/ RADIATION/ RANGE/ REEN
TRY/ SHOCK/ SIMULATION/ THERMAL/ TUBE

Av3=-louglx ISsUR 13 CATEGORY 10 02/00/00 U
NCLASSIFLLED DOCUMENT :

(Vescription of ames entry hcating simulator, a

facility which is capable of simulating both the

couvaectaive and radiative modes of heat transier)

A/LUNDELL, J. He; B/WAKEFLIELD, R. He; C/WINOV
ICd, W :

SIMNULATION OF CONVECTIVE AND RADIATIVE ENTR

Y lcATLING. JOUN e LUNDELL, WARRSN WINOVICH, AND R
OY M. WAKEFIELD /NASA, AMES RESEARCH CUENTEHR, MOFFE
IT FIELD, CALIF./ /UNIVERSITY OF DENVE, DENVER RE
SpAkCH INSTITUTE, SYNPOSIUA ON HYPERVELOCITY TECHN
I9Uis, 2ND, PROCELDINGS, DENVER, COLO., MAR. 20, 2
1, 1962./ IN- ADVANCES IN dYPERVELOCITY TECHNLOUE
S. NEW YOHRK, PLENUM PRESS, INCe., 1962, P. 729-748

/*¥HEAT TRANSFER/#RADIATIVE HEAT TRANSFER/*REEN
TRY KEFFECT/*S1IHULATOR/*SPACE SIMULATOR/ ABLATION/
CONVECTION/ UNTRY/ FLUX/ GAS/ JAEAT/ HEATING/ HYPER
SONICS/ RADIATIVE/ RAREFACTION/ REENTRY/ RESULT/ S
PACi/ TEST/ THERMOCONDUCTIVITY/ THERHMOCQUPLE/ TRAN
STER
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No9I-34611%4k ISSUE 20 PAGE 3776 CATEGORY 12
NASA-TT-F—12376 69/08/00 UNCLASSIFIED DOCUMEN
T
Radiative heat exchdnge during flow of a gas th
rough a tube
(Radiative heat exchange during gas flow throug
h tubes) :
A/VETLUTSKIY, V. N.
NATIONKAL AERONAUTICS AND SPACE ADMINI&TRATION,
WASHINGTON, D. C. AVAIL. CFSTIL .
TRANSL. LNTO ENGLISH FROM 4H. PRIKL. HEKHAN
« I TECHN. FIZ. /MOSCOW/, NO. S5, 1968 P 82-88
/*¥GAS FLOW/*RADIATIVE HEAYT TRANSFER/*TUBE HEAT
EXCHANGERS/ ABSORPTIVITY/ APPROXIMATION/ HIGH PRE
S5Uk/ HIGH TEMPERATURE RESEARCH/ HYDROGEN/ REAL G
ASES5/ TEAPERATURE PROTILLS/ U.S<S.ft. -

N69-18972%# ISSUE 8 PAGE 1320 CATEGORY 11
NASA-CR-100138 NASR-220 565/00,00  UNCLASSIFIE
D DOCUHMENT

Proceedings of the Conference on the Role of Si
mulation in Space Technology, part B

(Simulation studies and facilities for atmosphe
ric reentry at hypersonic speeds) )

VIRGINIA POLYTECHNIC INST., BLACKSBURG. AVAI
L. CFSTI1 v
ITS ENG. LXTENSION SER. CIRC. NO. U MEETING
HoLD 17-21 AUG. 1964 :

/*ATHOSPHERIC ENTRY bIhUuATION/*COVFERhNChS/*u
YPLRSONIC FLIGHT/*REENTRY EFVFLCTS/*TEST FACILITIES
/ oBLATIVE MATERIALS/ ALRODYNAMIC CHARACTERLSTICS/
CONVECTIVE HEAT TRANSKFER/ FLIGHT SIMULATION/ FLIG
Hi TeSTs5/ GROUND TESTS/ UEAT SHILLDING/ RADIATIVE
HEAT IRANSFER/ REENTRY COMMUNICATLON/ bHOCK TUBES/
WIND TUNNELS

X7u-13954#s ISSUE 10 PAGE 737 CATEGORY 33 A
D-364774 AFML-TR-69-238 F33615-68~C~-1420 69/06
/00  UNCLASSIFIED DOCUMENT GOVT. AGCY. ONLY

Feasibility of thermal radiative property measu

remeuts under 51mulated reentry conditions Final
report

(Simulated reentry thermal radlatlve property o

easurenents)

A/KAY, R. B.3; B/KNEISSL, G. J.

DUNN ASSOCIATES, INC., SILVER SPRING, MD.
WRIGHT-PATTERSON AFB, OHIO AFML
/¥ATHMOSPHERIC ENTRY SINULATION/*REENTRY EFFECT

S/*TUHERMUAL RADIATION/*THERNMODYNAMIC PROPERTIES/ AN
ALYSIS (MATHEMATICS)/ EMITTANCE/ HEAT SHIELDING/ P
LASMA RADIATION/ SURFACE TEMPERATURE/ TEMPERATURE

MEASUREMENT/ THERMAL SIMULATION
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GROUP 8

Concerning the design and performance of high
temperature heat shields. |
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VUG REPORT HIBLIOGRAPHY SEARCH COUNTROL NO. 045518

ADeg70 287 1174 20713

GRUMMAN AIRCRAFT ENGINEERING COxkP BETHPAGE N Y RESEARCH
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